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COMMENTS  ON  EXCEPTIONS  TO  THE  SHCHUK  ARE  V -MATT  AUKH  LAW 


V.  Simonov 


Investigation  of  regularity  in  the  isotopic  system  with  respect  to  the  isotopic  nuclear  number,  i,e.,  the  differ¬ 
ence  N— z.  revealed  a  characteristic  order  in  the  change  of  the  number  N~Z  in  relation  to  the  Z -isotopes  belong¬ 
ing  to  the  nuclear  types  4n  +  1  and  4n^+  3  [1],  where  n  represents  the  quotient  obtained  by  dividing  the  mass  num¬ 
ber  of  the  nucleus  A  by  four. 
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Relation  between  the  isotopic  nuclear  number  and  the  Z -isotopes.  Open  circle  — 
stable  4n  +  3  nucleus-,  open  triangle  —  stable  4n  +  1  nuclear  type.  Solid  circles  and 
triangles  —  radioactive  nuclei. 


A. 


The  appearance  of  the  regularity  gives  a  formal  rule  for  evaluation  of  the  stability  of  nuclei  having  uneven 


The  relation  between  N— Z  and  Z  is  indicated  in  the  figure. 

It  is  easily  observed  that  the  distribution  of  these  types  of  nuclei  on  the  graph  obeys  a  definite  order  which 
is  expressed  in  the  following  form. 

For  a  change  of  Z  by  two  units,  the  number  N— Z  remains  unchanged,  i.e,,  for  AZ  =  2,  A(N— Z)=  0,  but 
for  a  change  of  Z  by  one  unit  the  number  N— Z  changes  by  two  units,  i.e.,  for  AZ  =  1.  A(N— Z)  =  2. 

A  nucleus,  satisfying  this  principle,  joins  the  points  of  the  line  in  such  a  way  that  the  horizontal  lines  and 
the  oblique  lines,  connecting  nuclei  of  given  type,  do  not  change  their  directions,  if  nuclei  of  corresponding  type 
lie  along  them.  As  a  result  we  obtain  a  segmented  line:  horizontal -iso -differentials  and  pairs  of  oblique  lines. 
These  lines  connect  the  well-known  stable  nuclei;  therefore  it  is  possible  to  call  them  stability  lines.  In  the 
diagram  it  can  be  seen  that  elements  of  a  given  Z  do  not  have  more  than  two  stable  isotopes  with  uneven  A. 
Those  nuclei  which  belong  to  the  4n  +  1  and  4n  +  3  types,  but  do  not  satisfy  the  observed  rule  (they  do  not  lie  on 
the  stability  line),  appear  to  be  radioactive. 
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They  are  6"^  -active  if  they  lie  under  the  stability  line,  and  p  -active  if  they  he  above  the  line. 

According  to  the  formal  scheme  considered,  the  isotopes  Sn  and  Te^^^,  which  appear  to  be  isobars 
of  Cd*^*,  In^^  and  Sb^^®,  respectively,  should  possess  some  type  of  radioactivity  other  than  0  "-activity.  If  the 
percentage  content  of  isotopes  of  a  given  element  seems  to  be  of  characteristic  stability  [2,  3,  4],  then  these  iso¬ 
topes,  like  isotopes  of  low  percentage  content,  should  refer  to  the  unstable  isotope. 

According  to  G,  Bete  [5]  this  nucleus  also  directs  the  energetic  instability.  Thus,  according  to  our  con¬ 
siderations.  the  Shchukarev-Mattaukh  Law  should  not  have  an  exception;  the?  isotopes  Sn^^®  and  Te^®^  should 
be  radioactive.  Our  formal  physical  shheme  finds  clarification  in  the  nuclear  structure  that  we  developed. 
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INVESTIGATIONS  OF  NON-AQUEOUS  SOLUTIONS 
III.  THE  SYSTEM  NAPHTHALENE -IODINE -MERCURIC  BROMIDE 

P.  A.  Smirnov 


Systems  that  we  investigated  earlier,  naphthalene— mercuric  iodide  [1]  and  naphthalene— iodine— mercuric 
chloride  [2],  enabled  us  to  some  extent,  to  predict  the  behavior  of  mercuric  bromide  and  iodine  in  molten  naphthal¬ 
ene.  We  showed  that  Hgl2  molecules  in  the  presence  of  iodine  in  molten  naphthalene  undergo  association,  but 
HgClg  molecules  reafct  with  iodine  to  form  polyhalides.  The  different  behavior  of  the  Hgl^  and  HgCl^  molecules 
toward  iodine  was  explained  by  the  different  polarization  strengths  of  the  I'  and  Cl"  ions.  Iodide  ions  from  mer¬ 
curic  iodide  and  I2  molecules  mutually  polarize  in  molten  naphthalene.  An  increase,  as  a  consequence  of  polariza¬ 
tion,  of  the  dipolar  intensity  of  Hgl2  also  promotes  the  association  of  the  molecules  of  this  salt.  Chloride  ions  have 
a  greater  polarizing  strength  than  iodide  ions,  which  is  why  HgCl2  molecules  form  complexes  (polyhalides)  with 
strongly  polarized  I2  molecules.  According  to  data  in  the  literature  [3],  Cl"  and  Br"  ions  show  similar  polarization 
strengths,  which  is  why  HgBr2  molecules  should  be  expected  to  form  complexes  with  I2  molecules  in  molten  naph¬ 
thalene. 


EXPERIMENTAL 

We  used  iodine  and  naphthalene,  purified  as  described  previously  [1],  Mercuric  bromide  was  purified  by 
recrystallization  from  alcoholic  solution  (by  chilling). 

The  method  of  investigation  and  the  apparatus  are  described  in  a  report  [1],  Previous  experiment  estab¬ 
lished  that  in  molten  naphthalene  the  reaction  between  HgBr2  and  I2  proceeds  as  slowly  as  between  HgCl2  and  I2: 
equilibrium  is  attained  after  7  hours  of  heating  the  system  at  81-85’;  therefore,  in  all  experimenu  the  solution  of 
mercuric  bromide  and  iodine  in  naphthalene  was  maintained  at  81-85°,  just  above  the  solidification  point,  for  7 
hours.  The  initial  solution  of  mercuric  bromide  and  iodine  in  molten  naphthalene  showed  a  black,  and  in  trans¬ 
mitted  light,  a  dark  red  color.  On  heating  the  solution,  the  color  gradually  became  lighter,  changing  its  tint,  and 
acqiuring  the  color  of  strong  tea  (a  brownish -yellow  tint).  This  phenomenon  of  the  color  change  of  the  solution 
during  heating  indicated  some  reaction  of  the  substance  formed,  the  color  of  which  differs  from  the  color  of  the 
initial  substance.  Earlier  [2]  we  conducted  a  control  experiment  of  a  7  -hour  heating  of  iodine  in  naphthalene  at 
81-85°,  which  showed  that  iodine  under  the  conditions  of  the  experiment,  was  practically  not  volatilized. 

In  the  present  report,  as  in  the  two  referred  to  above,  two  series  of  experiments  were  conducted. 

First  series.  The  solidification  temperature  of  naphthalene  (t)  was  determined.  To  a  weighed  portion  of 
naphthalene,  a  weighed  portion  of  HgBr2  was  added,  and  after  a  clear  solution  was  obtained,  the  solidification  tem¬ 
perature  (_t‘)  was  determined  and  the  depression  (A^  =  _t— _^)  was  calculated.  Then  a  weighed  portion  of  iodine 
was  added  to  the  solution  of  mercuric  bromide  in  naphthalene;  the  solution  was  kept  at  a  temperature  of  81-85' 
for  a  period  of  7  hours,  after  which  the  solidification  temperature  (t*)  was  determined  and  the  new  depression  value 
(A_ty-  ^  -t*)  was  calculated. 

Results  of  the  first  series  of  experiments  are  presented  in  Table  1. 

Second  series.  The  solidification  temperature  of  naphthalene  (t)  was  determined.  To  a  weighed  portion  of 
naphthalene  was  added  a  weighed  portion  of  iodine  and,  after  obtaining  a  clear  solution,  the  solidification  tem¬ 
perature  (t^)  was  determined,  and  then  the  depression  value  (A_^  =  _t— 1^>  was  calculated.  To  the  solution  obtained, 
a  weighed  portion  of  HgBr2  was  added,  the  solution  being  kept  at  81-85°  for  a  period  of  7  hours,  after  which  the 
solidification  temperature  (t*)  was  determined  and  the  depression  value.  (Aj^  =  ^  —^)  was  calculated. 

Results  of  the  second  series  of  experiments  are  recorded  in  Table  2. 

DISCUSSION  OF  RESULTS 

First  series  of  experiments.  Calculations  showed  that  the  0.0210  g  weighed  portion  (in  the  first  experiment) 
of  iodine  should  produce  a  depression  equal  to  0.03°.  According  to  experimental  data  this  depression  equalled  0.01*. 
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TABLE  1 


Quantity  of  Combined  con- 
combined  Ij  verted  to  millimoles 
(g)  per  1000  g  naphthal  - 
ene 


Fxpt. 

No. 

Weight  of 
iodine  (g) 

Ati 

Weight  of 
HgBr*  (g) 

At2 

At  by  cal¬ 
culation 

At-Atj 

Combined 
HgBi2  (g) 

Combined  rigBig  conver 
ted  to  millimoles  per 
1000  g  naphthalene 

1 

0.0210 

0.03“ 

0.0300 

o.or 

0.03“ 

0.02“ 

0.0209 

2.9 

2 

0,0300 

0.04 

0.3000 

0.25 

0.29 

0.04 

0.0418 

5.8 

3 

0.0300 

0.04 

0.3000 

0.25 

0.29 

0.04 

0.0418 

5.8 

4 

0.0300 

0.04 

0.2000 

0.17 

0.19 

0.02 

0,0209 

2.9 

5 

0.0500 

0.07 

0.0708 

0.03 

0.07 

0.04 

0.0418 

5.8 

6 

0.0460 

0.06 

0.0400 

0.02 

0.04 

0.02 

0.0209 

2.9 

7 

0.0500 

0.07 

0.2000 

0.17 

0.19 

0.02 

0.0209 

2.9 

The  weighed  portion  of  naphthalene  in  all  experiments  was  20  g. 


TABLE  3 


Hence,  It  followed  that  the  depression  that  should  be  produced  by  the  combined  quantity  of  iodine,  if  it  remained 
free,  amounted  to  0.03—0.01  =  0.02.  From  the  value  of  this  depression,  the  quantity  of  combined  iodine  (0.0147  g) 
was  calculated,  and  then  converted  to  the  quantity  per  1000  g  of  naphthalene,  expressed  in  millimoles  (2.9).  If 
we  divide  the  series  of  numbers  of  the  last  column  of  Table  1  by  the  least  number,  then  we  obtain;  2. 9: 2. 9  =  1. 
4.4:2.9  =  1.5,  5,8:2,9  =  2,  9. 9:2.9  =  ~3.5.  The  simple  ratios  of  these  numbers  indicated  that  iodine  formed  a  de¬ 
finite  chemical  compound  with  Hgbr2. 

Second  series  of  experiments.  Figures  in  the  last  and  next-to-last  columns  of  Table  2  represent  the  quantity 
of  combined  HgBi2.  Just  as  in  the  first  series. 

In  the  series  of  figures  of  the  last  column,  the  first  (2.9),  expresses  the  least  number  of  millimoles  of  HgBrj 
combining  with  iodine.  The  last  column  of  Table  1  also  begins  with  this  figure  (2.9).  Thus,  the  minimum  quantity 
of  millimoles  of  HgBtj  and  I2  reacting  (under  our  conditions)  is  identical.  Considering  die  last  column  of  Table  2, 
it  is  possible  to  see  that  HgBr2  reacts  with  either  2.9  or  5.8  mmoles  of  iodine,  i.e.,  the  number  is  a  multiple  of  2.9, 
In  other  words',  HgBij  reacts  with  the  same  number  of  millimoles,  or  the  same  miltiple  thereof,  of  iodine. 

In  Table  3  the  experimental  results  given  in  Tables  1  and  2  are  compared.  For  comparison,  experiments  in 
which  either  an  identical  or  almost  identical  quantity  of  iodine  and  HgBr2  was  used  were  selected.  Subscripts  I  and 
II  in  the  first  column  of  Table  3  designate,  respectively,  experiments  of  the  first  and  second  series. 

The  data  of  Table  3  led  to  a  conclusion  concerning  the  composition  of  the  complexes  formed  by  mercuric 
bromide  and  iodine.  The  probable  formulas  of  these  complexes  are; 

l)HgBr2'l2;  2)  2HgBr2*3l2;  3)  HgBr2  •  2I2;  and  4)  2HgBr,  •  TI,. 

Comparing  these  formulas  with  the  formulas  of  the  mercuric  chloride  polyhalides  [2]: 


HgCl2-Iz 

HgBr2-l2 

HgCl2-2l2 

HgBr2-2Ii 

3HgCl2-I, 

— 

4HgCl2-I, 

’■  — 

— 

2HgBr2-3l2 

2HgBr2-7l2 

It  is  seen  that  of  the  four  polyhalides  formed  by  mercuric  bromide,  only  two  have  compositions  analogous  to  the 
polyhalides  formed  by  mercuric  chloride. 


SUMMARY 

1.  A  cryoscopic  investigation  of  the  system  naphthalene  “iodine —mercuric  bromide  made  possible  the  con 
elusion  that  HgBr2  forms  pblyhalides  with  iodine, 

2.  The  probable  formulas  of  these  polyhalides  are. 

HgBr2  *  I2.  2HgBr2  •  3I2,  HgBr2  •  2I2  and  2HgBr2  •  7I2. 

3.  In  two  cases  the  formulas  of  the  mercuric  bromide  polyhalides  appeared  to  be  analogous  to  the  formulas 
of  the  mercuric  chloride  polyhalides. 
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ISOBARIC  POTENTIALS  OF  FORMATION  OF  DIFF ICULTLY -SOLUBLE  OXIDE 


HYDRATES  AND  BASIC  SALTS  AND  THE  pH  OF  THE  SOLUTIONS  IN 
EQUILIBRIUM  WITH  THE  SOLID  PHASE 

V.  L.  Kheifets  and  A.  L.  Rotinyan 


Processes  for  separating  metals,  based  on  differences  in  the  conditions  of  formation  of  their  difficultly  soluble 
hydrates  or  basic  salts,  occupy  a  greater  and  greater  place  both  in  analytical  chemistry,  and  in  the  most  diverse 
fields  of  engineering.  A  considerable  number  of  reports  [1-12.  14,  16]  in  recent  years  have  been  devoted  to  the 
present  problem,  and  although  they  have  essentially  advanced  the  status  of  the  problem,  it  nevertheless  is  still 
far  from  a  final  solution. 

In  the  present  report  we  thought  it  expedient  to  consider  the  general  physico-chemical  basis  of  processes  of 
formation  of  difficultly  soluble  metal  oxide  hydrates  and  their  basic  salts. 

By  hydrolysis  reactions,  or  by  the  action  of  alkaline  reagents  on  solutions  of  the  salts  of  many  metals,  the 
formation  of  difficultly  soluble  compounds  is  possible  in  principle:  a)  hydrates  of  the  type  Me(OH)jj,  b)  basic 
salts  of  simple  metal  salts  and  their  hydrates  of  the  type,  x[MeijA(j]*  y[Me(OH)n],  and  c)  more  complex  combina¬ 
tions  of  hydrates  and  salts  of  two  or  more  metals. 

In  each  concrete  case,  that  difficultly  soluble  compound  will  be  formed  first,  the  formation  of  which  is 
accompanied  by  maximum  decrease  in  isobaric  potential;  in  other  words  the  compound  which  has  the  least 
solubility. 

Relation  Between  the  Isobaric  Potential  of  Formation  of  the  Difficulty  Soluble  Hydrate 
of  a  Metal  Oxide  and  the  pH  of  the  Solution 

If  one  considers  the  system,  metal  oxide  hydrate  (solid  phase)— solution,  as  an  equilibrium,  it  is  possible  to 

write: 

Me*^  +  n  OH’  Me(OH)n.  (1) 

We  employ  the  following  designations: 

AZj  —  the  standard  isobaric  potential  of  formation  of  Me(OH)n  of  the  elements; 

AZ®  —  the  same  value  for  the  Me™"  ion; 

AZ®  —  the  same  value  for  the  OH’  ion; 

AZjjyj  —standard  isobaric  potential  for  reaction  (1). 

Proceeding  from  reaction  (1), 

AZj  +  RT  In  +  nAZj  +  nRT  In  aQpj’  =  Az\  +  RT  In  aj^g^0H)n' 

If  the  difficultly  soluble  hydrate  occurs  in  the  form  of  solid  phase,  i.e.,  under  standard  conditions,  then 
£Me(OH)n  =  1  and  RT  In  aj^e(OH)n  =  °- 

Designating  the  dissociation  constant  of  water  by  Kyy  ,  equation  (2)  may  be  rewritten  as: 

„  AZJ-AzJ-nAzS  ,  1  , 

"  —  ziir - ^  “  n  ^ 

From  equation  (3)  it  is  seen  that,  knowing  AzJ,  AZj  and  AZj,  it  is  possible  to  calculate  the  pH  value  corres¬ 
ponding  to  the  equilibrium  between  hydrate  (n  the  form  of  solid  phase)  and  solution,  for  any  activities  of  the  metal 
ions. 
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On  the  other  hand,  since 


^4yd.  =  -RT  In  K  =  RT  In  a^e:;'  . 


(4) 


we  may  transform  equation  (2)  to 


AZ?  =  AZI  +  nAZ,  +AZhyd,  (5) 

Thus,  the  values  of  AZ®.  AZ®  and  AZ^  or  two  of  these  three  quantities  and  the  equilibrium  value  of  the  pH  of 
formation  of  the  hydrate,  enable  one  to  calculate  the  standard  isobaric  potential  of  reaction  (1). 

Results  of  some  calculations  are  presented  in  Table  1.  For  calculation  AZj  =  37.58  fl3].  is  assumed. 


TABLE  1 

Standard  isobaric  Potentials  of  Formation  of  Difficultly  Soluble  Oxide  Hydrates  (Real/ mole) 


Formula  of 
the  hydrate 

mm 

mi 

'^^fiyd. 

calculated  from 
equation  (5) 

pH  of  formation  of 
the  hydrate  calcula¬ 
ted  from  equation  (3) 

pH  of  formation 

hydrate  accord¬ 
ing  to  Fialkov 
and  Akselrud 

compounds, 
according  t> 
Britton 

Co(OH)8 

“142.00 

28.90 

-58.14 

0.9 

- 

- 

Fe(OH)s 

-166.30 

-  2.53 

-51.01 

2.6 

1.63  " 

2 

Cu(OH)i 

-  85.50 

15.91 

-26.24 

4.5 

4.21  . 

5.3 

Zn(OH)j 

-132.64 

-35.17 

-22.29 

5.9 

5.78 

5.2 

Co(OH)j 

-108.90 

-12.80 

-20.93 

6.4 

6.78 

6.8 

Fe(OH), 

“115.66 

-20.31 

-20.18 

6.7 

5.62 

5.5 

Cd(OH)^ 

-112.73 

-18.55 

-19.01 

7.0 

6.84 

6.7 

Ni(OH)2 

-105.60 

-11.53 

-18,90 

7.1 

6.70 

6.7 

The  thermodynamic  series  of  the  pH  of  formation  of  the  hydrates,  as  is  easily  observed,  is  identical  with  the 
series  proposed  by  Akselrud  and  Fialkov  [6]  but  is  essentially  preferable,  because  of  its  specificity, to  the  Britton  [15] 
senes.  However,  the  series  of  pH  of  formation  of  the  hydrates  in  any  of  its  forms  has  much  less  value  than  is  usu¬ 
ally  attributed  to  it.  because  in  practice  the  basic  salts  of  the  metals,  rather  than  the  pure  hydrates,  usually  form 

Relation  Between  the  Isobaric  Potential  of  Formation  of  Difficultly  Soluble  Basic 
Salt  and  the  pH  of  the  Solution 

if,  instead  of  a  pure  hydrate,  a  basic  salt  of  composition  x[MebAd]yrMe(OH)f,],  is  m  equilibrium  with  the 
solution,  then. 


(y+  bxlMe*^  +  xd  A*^' +  ny  OH’  ^  x[MebAd]yfMe(OH)n],  (6) 

here  tti  =  —  . 

—  d 

For  equation  (6).  as  previously,  one  may  write: 

(y-t-  bx)  AZ®+  RTlnaj^^j^*  +  xd  AZ®  4  RTlna^^-  4  nyAz|+  RTlna”^,  - 

=  AZ»4-RTlnabas..  (7) 

Into  equation  (7)  additional  designations  are  introduced: 

AZ*  —  standard  isobaric  potential  of  formation  of  anion  salts  of  the  elements; 

AZ®  —  the  same  for  formation  of  the  basic  salt  from  the  elements; 

ibas.  “activity  of  the  basic  salt  in  the  solid  state,  which  at  its  maximum  is  assumed  to  equal  unity. 

Equation  (7)  is  easily  transformed  to  the  following: 


H  -  ~(y  ^^2  “~xd  AZ4  —  ny  AzS  _  y-t-  bx 

^  ~  2.3nyRT  ny 


^°8  ^Me™-  ^°8  ^Am’  -log  K^y. 


(8) 


Since, 


^Zibas.  =  RT  In  n 


(y+  bx)  xd  ny 


Me*^ 


OH’ 


(9) 


where  AZjjas.  1^  the  standard  isobaric  potential  of  reaction  (6).  equation  (7)  may  be  written  in  the  form: 

(y+  bx)Az5+  xd  Azi+  nyAzS+  Azfj^j  =  AZ^.  (10) 

Depending  on  whether  RT  In  RT  — A^’  ^H'  '  hydrate  will 

separate  out  in  the  precipitate. 

From  equations  (9)  and  (4)  it  is  clear  that  for  an  increase  of  activity  of  the  salt  in  solution,  a  transition  from 
formation  of  the  hydrate  to  formation  of  basic  salt  is  always  inevitable;  at  the  same  time,  a  change  of  the  value  of 
}^and  ^is  possible,  i.e.,  the  formation  of  basic  salts  of  different  composition  depends  on  the  conditions. 

For  the  basic  salt  the  value  of  AZ5  is  unknown,  therefore,  calculation  of  AZ^j^j  is  possible  only  from  ex¬ 
perimental  data  on  the  pH  of  formation  of  the  basic  salt.  Moreover,  for  calculation  in  each  individual  case  it  is 
necessary  to  know  the  coefficients  x  and 

Mechanism  Relating  the  pH  of  Formation  of  a  Basic  Salt  to  Its  Composition  and  the 
Activities  of  Simple  S  alts  in  Solution 

Equation  (8)  may  be  rewritten  in  the  following  form: 


pH  = 


AZj)as. 
2.3ny  RT 


1  ,  (y+  bx)  (y+  bx)  xd  xd 

-log  K^y. 


(11) 


If  there  is  no  other  salt  having  a  common  anion  in  the  solution. 


(m^  is  the  molarity  of  the  salt;  mj^gnt.  12.^  molarity  of  the  ions).  Then. 


y  +  bx  +  dx 
ny 


pH  =  -——Das. - 1  ^  \  log  a*^  — ^  log 

^  2.3nyRT  ny  ®  Z  ny  ^ 


b(y+  bx)jXd _ 

d  (y+ bx+ dx) 


(12) 


(13) 


b  +  d  jb  +  d 


If  we  determine  the  pH  of  the  solution  which  is  in  equilibrium  with  the  solid  phase  at  several  activities  of 
the  salt,  and  construct  a  graph  of  pH  —  log  £+  we  may,  by  obtaining  the  angle  of  inclination  of  the  straight  line, 
easily  determine  the  magnimdes  of  x  and  ai  the  least  integral  number  values.  Thus,  it  appears  feasible  to 
calculate  the  standard  isobaric  potential  of  basic  salt  by  measurements  of  the  pH  of  the  solutions  in  equilibrium 
with  this  salt. 

Discussion  of  the  Available  Data  on  the  Magnitude  of  the  pH  of  Hydrate  Formation 

A  large  amount  of  experimental  material  on  the  magnitude  of  the  pH  of  solutions  in  equilibrium  with  solid 
phase  was  obtained  by  Gromov.  Fialkov  and  Akselrud.  and  by  Patsenko. 

In  Fig.  1  are  represented  data  of  these  authors  for  a  series  of  zinc  salts.  Along  the  ordinate  are  values  of 
the  pH  of  the  solution  in  equilibrium  with  solid  phase,  and  along  the  abscissa  axis,  the  logarithm  of  the  average 
activity  of  the  salt.  The  conesponding  activity  coefficients  were  taken  from  Hamed  and  Owen  [171  The  angular 
coefficients,  obtained  directly,  equal  0.48-0.56.  0.84,  1,25  and  1.5.  As  seen  from  the  figure,  for  small  activities 
of  salt,  pure  hydrate  of  Zn  (OH)*  forms,  and  in  this  case  the  pH  of  the  hydrate  formation  actually  does  not  depend 
on  the  nature  of  the  anion  of  the  salt. 

Formation  of  pure  hydrates  in  chloride  and  nitrate  solutions  occurred  up  to  larger  salt  activities  than  in  sulfate 
solutions.  At  large  salt  activities  the  basic  salt  forms,  its  composition  depending  on  the  nature  of  the  anion.  Cal- 
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Fig.  1.  Relation  of  pH  of  formation  of  hydrate  or  basic  salt  to  the  activity  of  a  metal  salt 
[ZnSO^,  ZnCl2.  ZnfNOs)^].  1  and  2)  According  to  data  [10];  3)  according  to  data  [2]; 

4)  according  to  data  [6].  I)  Zn(OH)2;  II)  ZnSO^  •  Zn(OH)2;  III)  ZnCl2  •  2Zn(OH)2.  IV) 
Zn(NOj)2-4Zn(OH)2. 


Fig  2.  Relation  of  pH  of  formation  of  the  basic  salt  to  the  activity  of  the  metal  salt 
Open  ciicle  —  according  to  data  [6];  solid  circle  —  according  to  data  [2].  Left  exter¬ 
nal  pH  scale  —  for  copper  sulfate;  left  internal  —  for  trivalent  iron  sulfate;  tight  scale 
—  for  cadmium  sulfate  and  divalent  iron  sulfate.  I)  CuSQ^*  2Cu(OH)2;  II)  FeS04- 
•  2Fe(OH)2;  III)  CdS04-  2Cd(OH)2;  IV)  2CdS04-  Cd(OH)2;  V)  Fe2S04)3-  Fe(OH)s;  VI) 

5Fe2(S04)j-  2Fe(OH)8. 

culation  from  formula  (13)  gives  the  following  composition  of  basic  salts*  ZnS04*  Zn(OH)2,  ZnCl2*  2Zn(OH)2  and 
Zn(N08)2*  4Zn(OH)2.  In  the  region  of  stable  formation  of  basic  salt  the  nature  of  the  anion  and  its  valence,  as  would 
be  expected,  very  strongly  influence  the  magnitude  of  the  pH  of  formation  of  the  basic  salt;  therefore,  confirmation 
of  the  independence  fiom  the  nature  of  the  anion,  of  the  pH  of  formation  of  precipitates  [10],  as  shown  by  the  data 
of  these  authors,  is  justified  only  for  the  region  of  formation  of  pure  hydrate,  which  is  actually  encountered  very 
rarely. 
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In  Fig.  2  data  for  some  other  metals  are  provided.  As  seen  from  the  figure,  copper  at  all  concentration  inter¬ 
vals  studied  gives  only  one  compound  —  the  basic  salt  CuSO^  2Cu(OH)2  (SCuO*  SO,  -  2H2O)  At  small  salt  activites 
cadmium  also  forms  a  similar  compound.  At  large  salt  activities  the  less  basic  cadmium  salt.  2CdS04*  Cd(OH)2 
(3CdO-  2S03‘  H2O),  forms,  The  compounds  formed  from  di-  and  tri -valent  iron  are  of  great  interest.  Unfortunately, 
we  did  not  find  in  the  literature  any  data  on  the  activity  coefficients  for  ferrous  and  ferric  sulfates.  We  record  be¬ 
low  the  results  of  all  calculations  carried  out  on  the  assumption  that  the  activity  coefficients  of  FeSO^  solutions, 
at  identical  molarity,  are  equal  to  those  for  sulfates  of  other  divalent  metals,  for  instance,  copper,  zinc  and  cadm¬ 
ium.  For  FejISO^ls  we  assumed  that  the  activity  of  the  salt  was  equal  to  the  corresponding  activity  of  the  sulfates 
of  trivalent  metals,  such  as  aluminum  and  indium  [17].  With  these  assumptions  it  seems  that  divalent  iron,  withrn 
the  concentration  limits  studied,  should  form  only  one  compound,  FeSO^-  2Fe(OH)2  (3FeO-  SOj-  2H2O). 

Trivalent  iron  gives  two  compounds,  Fe2(S04)3*  Fe(OH)3  and  5Fe2(S04)3'  2Fe(OH)5  (Fe203'  2503’  H2O  and 
2Fe203*  5S03-  H2O).  The  first  of  these  compounds  agrees  with  the  compound  observed  by  Posnjak  and  Merwin  [18]. 
However,  the  anhydrous  basic  salt,  Fe2(S04)8*  Fe(0H)3,  is  stable  only  at  temperatures  above  75*. 

At  lower  temperatures  the  salts  of  the  same  composition  with  4,  5,  6,  7  and  9  molecules  of  water  of  crystalliza¬ 
tion  appear  to  be  stable.  The  second  compound  of  trivalent  iron  indicated  above  agrees  with  the  basic  salt  2Fe203’ 

•  BSOj'  17H2O  (copiapite),  if  it  is  considered  that  at  room  temperature  the  basic  salt  5Fe2(S04)3’  2Fe(OH)3  crystallizes 
with  16  molecules  of  water.  Posnjak  and  Merwin  point  out  that  copiapite  in  contact  with  saturated  solution  is  stable 
at  temperatures  below  ~90°. 

It  should  be  pointed  out  that  the  composition  of  the  solid  phase,  cited  by  Gromov,  does  not  agree  with  the 
data  presented  above.  Gromov  gives  one  composition  of  the  basic  salt,  3Fe203’  2S03-  H2O,  for  all  concentration 
intervals  of  the  salt. 

A  similar  situation  occurs  also  for  the  composition  of  basic  salts  of  other  metals,  cited  by  Gromov. 

Determining  the  compositions  of  some  basic  salts,  we  calculated  the  values  of  the  standard  isobaric  piotentials 
of  their  formation.  Results  of  the  calculations  are  given  in  Table  2.  For  the  calculations  we  assumed  the  values 
AZSO4  =  ~176.10.  AZq’  =  —31.33,  AZj^jq'  =  —26.25.  From  data  in  the  Table  it  is  seen  that  the  standard  isobaric 
potentials  of  formation  of  the  basic  salts  A^^^^  are  greater  than  AzJjy^j^  for  the  pure  hydrates.  From  values  of  AZ^jjj 
and  the  standard  isobaric  potential  of  formation  of  pure  hydrate,  AZ^y^]  ,  one  can  determine  the  standard  isobaric 
potentials  of  formation  of  the  basic  salt  from  the  hydrate  and  simple  salt  —  AZ*^jjjpjg.  These  values  are  recorded 
in  the  fourth  column  of  Table  2. 


TABLE  2 


SUMMARY 


Standard  Isobaric  Potentials  of  Formation  of  Difficultly  Soluble 
Basic  Salts  (kcal/mole). 


Formula  of  basic  salt 

_ 

AZ?,yd. 

ZnS04- Zn(OH)2 . 

-27.95 

-349.57 

-5.66 

ZnClg-  2Zn(OH)2 . 

-49.30 

-367.82 

-4.72 

Zn(N03)2-4Zn(0H)2 . 

-94.70 

-623.75 

-5.54 

CuSQt*  2Cu(OH)2 . 

-60.50 

-339.21 

-8.02 

FeS04-  2Fe(OH)2 . 

-47.20 

-434.57 

-6.84 

CdS04  •  2Cd(OH)2 . 

-45.60 

-427.69 

-7.58 

2CdS04-Cd(0H)2 . 

-29.05 

-512.07 

-10.04 

Fe2(S04)s-Fe(0H)8 . 

-73.00 

-722.64 

-21.98 

5Fe2(S04)8-2Fe(OH)s - 

-196.00 

-3093.37 

,  -94.00 

1,  We  showed  the  feasibility  of 
calculation  of  the  standard  isobaric  po¬ 
tentials  of  formation  of  basic  salts  and 
pure  hydrates  from  measurements  of  the 
pH  of  solutions  in  equilibrium  with  the 
solid  phase  of  the  basic  salt  or  pute 
hydrate. 

2.  We  worked  with  the  experi¬ 
mental  data  available  in  the  literature. 
It  showed  that  in  practically  all  cases 
at  large  concentrations  the  basic  salts 
form.  The  compositions  of  these  salts 
were  determined.  Pure  hydrates  form 
only  in  the  case  of  zinc  at  small  initial 
ionic  concentrations. 


3.  For  a  series  of  metals,  we  calculated  the  standard  isobaric  potentials  of  the  reaction  of  formation  of 
basic  salts  from  ions,  elements,  and  also  from  the  pure  hydrates  and  simple  salts. 
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COMPLEX  FORMATION  AND  DOUBLE  DECOMPOSITION  IN  A 
RECIPROCAL  SYSTEM  OF  SODIUM  AND  POTASSIUM  PYROPHOSPHATES 


AND  TUNGSTATES 

M,  L.  Sholokhovich  and  A.  G.  Bergman 

Investigation  of  a  series  of  reciprocal  systems  of  Na,  K  Me04,  P20y  (where  M  =  S,  Cr.  Mo,  W)  gave  interest¬ 
ing  material  illustrating  a  series  of  differences  in  the  chemical  properties  of  sodium  and  potassium  salts  Thus,  it 
was  established  that  potassium  pyrophosphate  forms  eutectic  mixtures  with  salts  of  the  K2Me04  type,  whereas  sod¬ 
ium  pyrophosphate  forms  a  eutectic  mixture  only  with  Na2S04,  while  the  other  salts  of  this  type  form  the  compounds; 
Na4P20y  •  4Na2CrQ4,  melting  without  decomposition  at  916';  Na4P20Y*  2Na2Mo04,  also  melting  without  decomposi¬ 
tion,  but  at  a  lower  temperature  —821';  and  Na4P207*  2Na2W04,  melting  with  decomposition  at  767°  [1] 

Such  diversity  in  the  chemical  properties  of  the  sodium  and  potassium  salts  does  not  appear  to  be  accidental, 
but  corresponds  to  their  positions  in  the  Mendeleev  periodic  system.  There  are  numerous  examples  showing  that 
elements  of  the  third  horizontal  row  appear  to  be  transitions  between  the  elements  of  the  main  and  secondary  sub- 


Fig.  1.  Secondary  side  of  the  reciprocal  system.  Fig.  2.  Diagonal  sections  of  the  reciprocal  system, 

Na,  K||  WO4,  P2O7  and  internal  sections  XIV,  XV,  XVI,  Na,  K||  WO4,  P2O7.  I )  Na4P207-(K2W04)2,  II) 

XVII  through  the  reciprocal  system.  1)(K2W04)2—  (Na2W04)2— K4P2O7. 

-(Na2W04)2;  2)  (K2W04)2-K4P207;  3)  (Na2W04)2-Na4P20,. 

group.  Proceeding  from  this,  it  is  impossible  to  consider  the  element,  sodium,  as  an  analog  of  potassium,  but  it  is 
possible  to  assume  a  series  of  general  properties  of  the  copper  sub-group.  The  expressed  assumption  may  be  illus¬ 
trated  by  the  following  examples. 

1.  The  crystalline  structures  of  monovalent  compounds  of  sodium,  copper  and  silver  are  similar,  which  also 
leads  to  the  formation  of  a  continuous  series  of  solid  solutions,  for  example,  AgCl— NaCl  [2],  AgBr— NaBr  [2].  In 
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TABLE  1 


Binary  Systems  and  Diagonal  Sections.  A)  Initial  component;  B)  added  component.  1st  column)  Male  '’Jo  B;  2nd 
column)  temperature  of  appearance  of  first  crystals. 


systems  of  Na2SQ4— Ag^SO^  [2],  a  continuous  series  of  solid  solutions  is  formed  even  between  the  a~  and  S  -modifi¬ 
cations  of  these  sulfates.  On  the  contrary,  between  silver  and  potassium  salts  usually  either  eutectic  mixtures,  oi 
even  compounds,  form.  For  example,  in  the  system,  AgCl— KCl  [2],  a  eutectic  mixture  without  solid  solutions 
forms,  and  in  the  system  Agl— KI  [2],  the  compound  2AgI*KI,  which  melts  with  decomposition,  forms.  Such  dif¬ 
ferent  behavior  of  sodium  and  potassium  salts  toward  silver  salts  is  of  fundamental  interest  when  we  proceed  from 
the  sizes  of  the  ionic  radii.  Thus  it  is  shown  that  the  ionic  radius  of  silver  (1.13-1.23  A)  occupies  a  position  intei- 
mediate  between  the  ionic  radii  of  potassium  (1.33  A)  and  sodium  (0.98  A). 

2.  The  crystalline  structures  of  the  corresponding  salts  of  sodium  and  potassium  are  different,  as  a  result  of 
which,  on  die  whole,  a  series  of  systems  of  similar  salts  of  sodium  and  potassium  form  either  eutectic  mixtures  or 
compounds.  Thus,  in  the  K2WO4— Na^WQ^  system  that  was  investigated,  no  continuous  series  of  solid  solutions 
formed,  but  a  formation  of  chemical  compounds  took  place.  In  systems  of  sodium  and  potassium  pyrophosphates, 
solid  solutions  form  only  in  the  liquidus  systems,  whereas  in  die  solid  phase,  compounds  [2]  form,  which  clearly 
appeared  in  our  investigation  of  the  reciprocal  systems  of  Na,  K||  WO4,  P^Oy. 
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OXPERJME  NT  AL 

The  investigation  was  carried  out  by  the  visual -polythennal  fusion  method.  All  data  are  reported  as  equi 
molar  percentages.  The  salts  requited  foi  the  studies  were:  potassium  pyrophosphate,  obtained  by  decom^  osition 
of  chemically  pure  disubstituted  potassium  phosphate,  and  potassium  tungstate,  obtained  by  fusion  of  chemically 
pure  K^COj  and  (NH4)2W04,  taken  in  stoichiometric  proportions.  The  pyrophosphate  and  the  sodium  tungstate  were 
analytically  puie  quality. 

Binary  systems.  (K2W04).^— K4P2O7  (Fig.  1)  —eutectic.  Eutectic  at  34.9^0  K^P^O,  and  836'  (Na.2WO,)2— Na4P20j 
(Table  1,  Fig  i)  forme  .la  chemical  compound  of  1:1  composition,  melting  with  decomposition-,  transition  point  at 
42F7o  Na4P20Y  and  767°.  Eutectic  at  l^io  Na4P207  and  647°.  (K2W04)2~(Na2W04)2,  according  to  literature  data  [2], 
in  the  liquidus -solid  solutions;and  in  the  solidus,  the  1;1  compound  formed.  According  to  our  data  (Table  1,  Fig.  1) 
in  the  liquidus  system  the  1-.  1  compound  forms,  and  it  melts  with  decomposition  at  and  689°.  In  the 

interval  from  79  to  8^/u  Na2W0,  a  discontinuity  occurs,  which  probably  indicates  a  compound  there.  However,  this 
part  of  the  diagram  requires  additional  special  study. 

Na4P207— K4P2O7  was  studied  earlier  [2,  3]. 

Diagonal  profiles.  (Table  1, 

Fig.  2)  —  both  intersect,  apart  from  the 
area  of  components,  the  area  of  the 
compound  Na^P207- K4P2OT,  exists  in 
the  system  up  to  742'*,  the  — 

— K^P207  section  also  intersects  tlie 
Na4P207  •  (Na2W04)2  area. 

Internal  sections  thiough  the 
system.  We  studied  17  sections,  loc:  - 
.ions  of  which  ate  shown  in  Fig.  3, 
and  data  given  in  Table  2  and  in 
Figs.  1,  4  and  5. 

Of  special  interest  in  the  sys¬ 
tem  is  the  part  of  the  diagram  where 
the  fusions  are  enriched  in  sodium 
and  potassium  tungstate  Here  (Figs. 

3  and  6)  appears  clearly  the  chem¬ 
ical  compound  Na2W04-  K2WO4. 
passed  over  earlier  in  the  binary  sys¬ 
tem  [2].  The  dottefi  line  records  the 
region  in  which  we  established  the 
possibility  of  the  existence  of  binary 
phases  in  the  binary  system  K2WO4  — 

— Na2W04.  However,  the  profile  of 
this  phase  was  not  made  apparent 
This  part  of  the  diagram  requires  fur¬ 
ther  investigation. 

Projection  of  the  three-dimen¬ 
sional  diagram  of  the  reciprocal  sys¬ 
tem  onto  the  composition  square  (Fig. 

6)  indicates  the  formation  of  7  zones 
of  crystallization  in  the  system 
(Table  3). 

All  isotherms  (except  the  720°  isotherm)  were  determined  for  every  50°. 

The  form  of  the  region  completed  by  the  binary  descent  point  Q  (Fig.  6)  and  the  character  of  the  720°  iso- 
tlierm  inside  this  region  indicate  that,  in  the  region  beiiig  considered,  a  compound  crystallizes,  the  teririnal  of 
which  corresponds  to  the  composition,  K4P207-  Na4P207, 


Fig.  3.  Crystallization  surface  of  the  reciprocal  system  Na,  K  j|  WO4,  P2O7 
with  indication  of  the  investigated  sections  as  well  as  the  triangulation 
section.  Elucidation  in  text. 
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TABLE  2 


A)  Initial  mixture;  B)  added  component.  1st  column)  Mol.  °1o  B;  2nd  column)  temperature  of  appearance  of  first 
crystals 


r~i 

2 

[~T— I 

2 

: . r~T 

_ 2 _ 

1  1 

2 

Section  I 

Section  111 

Section  V 

Section  Vll 

A)  [50^0  (NajW04)2  + 

A)  [45^0  (K2W04)2  + 

A)  [695^0  (KjW04)2  + 

A)  [80^0  (K2W04)2  + 

Na4Pj07];  B) 

+  557o  (Na2W04)2]: 

+  357o  (Na2W04)2]; 

+  20*70  (Na2W04)2]; 

(K2W04)2 

B)  Na4P207 

B)  Na4P207 

B)  Na4P207 

0 

820 

0 

696 

0 

780 

0 

844 

5 

782 

4 

688 

4 

778 

5 

830 

8 

765 

6 

680 

6 

776 

10 

808 

12 

752 

8 

672 

8 

772 

15 

787 

15 

742 

10 

666 

10 

770 

20 

766 

18 

753 

12 

666 

12 

760 

25 

746 

20 

757 

15 

683 

15 

746 

30 

730 

25 

762 

20 

703 

17 

736 

33 

716 

.30 

762 

25 

727 

20 

720 

36 

716 

35 

762 

30 

747 

25 

720 

39 

720 

40 

750 

35 

754 

30 

728 

42 

716 

45 

736 

38 

752 

35 

730 

45 

715 

48 

726 

41 

743 

40 

720 

48 

730 

50 

720 

45 

738 

41 

716 

50 

737 

53 

730 

47 

747 

45 

731 

P.  at  34.5*'/o  Na.P,0,  .712" 

55 

740 

50 

760 

50 

750 

* 

P,  at  45.5*'/o  Na..P,0,  714" 

55 

780 

55 

771 

P.  at  1  .Wo  K.WO.  745!" 

60 

804 

60 

788 

Section  VII7 

Pj  at  5(yyo  K2WO4  ,  720" 

65 

828 

65 

807 

- 

Section  11 

Pi  at  11.370  Na4P20i.  662“ 

Pi  at  22f7o  Na4P20T,  706“ 

A)  L857o  (K2W04)2  + 

+  15^0  (Na2W04)2]; 

A)  m  (K2W04)2  + 

P2  at  437o  Na4P20i.  716“ 

P2  at  41.S7o  Na4P20i,  716“ 

B)  Na4P20, 

+  'Kflo  (Na^WQ*)*]; 

Section  IV 

Section  VI 

0 

865 

B)  Na4Pj07 

5 

830 

A 

A)  [50^  (K2W04)2  + 

A)[75^'o(K2W04)2  + 

10 

808 

2 

662 

+  507o  (Na2W04)2]; 

+  2bP]o  (Na2W04)2]: 

15 

785 

4 

654 

B) 

B)  Na4P207 

20 

765 

6 

650 

0 

718 

0 

825 

25 

745 

8 

644 

2 

716 

4 

815 

30 

725 

10 

640 

4 

709 

6 

809 

36 

690 

15 

682 

8 

693- 

8 

799 

39 

708 

20 

714 

10 

685 

10 

789 

P  at  3ff7o  Na.P,0,.  690" 

25 

730 

15 

670 

12 

781 

30 

746 

20 

703 

15 

775 

Section  IX 

35 

751 

25 

733 

20 

755 

40 

747 

30 

753 

25 

730 

A)  I907o  (K2W04)2  + 

45 

750 

35 

752 

30 

720 

+  lO^/o  (Na2WO^)2J; 

50 

772 

40 

740 

33 

718 

uy  j.^a4r2«-'7 

55 

794 

43 

734 

35 

717 

0 

885 

60 

818 

45 

748 

37 

716 

2 

875 

S5 

839 

50 

765 

40 

710 

4 

870 

70 

860 

43 

715 

6 

860 

75 

880 

Pi  at  14.S7o  Na4P207  .  664° 

45 

725 

8 

850 

P2  at  427o  Na4P20i,  728“ 

50 

744 

10 

840 

Pi  at  ll.S7o  Na4Pj07,  637' 

12 

Pj  at  42  5^  Na4P207.  742“ 

Pi  at  30*70  Na4 

P2O7.  718“ 

15 

815 

Pj  at41.97o  Na4P20,.  706“ 

20 

787 

944 


2 


2 


2 


2 


Section  IX 


25 

765 

30 

740 

35 

720 

38 

710 

41 

700 

44 

712 

50 

730 

52 

733 

54 

747 

55 

755 

60 

776 

Pi  at  41*7°  Na4P202 

,  700” 

P2  at  52.97o  Na4P20i,  735“ 

Section  X 

A)  [807o  (K2W04)2+ 

+  IO70K4P2O7]; 

B)  Na4P202 

0 

896 

5 

880 

10 

855 

15 

830 

20 

808 

25 

783 

30 

755 

35 

745 

36 

725 

39 

730 

42 

735 

45 

740 

48 

745 

50 

745 

53 

758 

55 

773 

60 

792 

65 

808 

Pi  at  36^0  Na4P202 

,  725” 

P2  at  51. 5*70  Na4P20T.  748“ 

Section  XI 

A)  [507o  (K2W04)2  4 

+  507o  K4P2O7]; 

B)  Na2W04 

0 

930 

5 

900 

10 

869 

15 

820 

16.5 

800 

20 

793 

Section  XI 


23 

792 

25 

791 

27 

789 

30 

782 

33 

777 

35 

773 

40 

758 

43 

751 

45 

743 

48 

731 

52 

722 

55 

720 

58 

717 

61 

708 

65 

700 

Pi  at  17%  Na2W04 

,  792” 

P2  at  49 . 5%  Na2W04.  7 20' 

Section  XII 

A)  [50%  (K2W04)2 
+  50%  K4P2O7]; 

B)  Na4P207 

+ 

35 

840 

40 

820 

45 

808 

50 

794 

55 

799 

60 

818 

65 

840 

P  at  52.5%  Na4P207.  790” 

Section  XIII 

A)  [35%  (K2W04)2 

+  65% 

K4P2D7]-,  B)  Na4P20j 

0 

990 

5 

970 

10 

954 

15 

936 

20 

918 

25 

900 

30 

880 

33 

869 

36 

860 

39 

854 

42 

845 

45 

838 

48 

834 

55 

834 

60 

852 

65 

870 

P  at  52.57o  Na4P20 

i  .  822” 

Section  XIV 


I  A)  [1070  (KjW04)2+ 9(y7o 


K4P2O,];  B)  Na4P20T 

9 

1050 

15 

1000 

25 

950 

30 

930 

36 

915 

39 

900 

42 

890 

45 

885 

46 

878 

50 

870 

53 

862 

56 

860 

58 

866 

60 

875 

65 

886 

68 

899 

P  at  55.5%  Na4P20,,  858' 

Section  XV 

A)  [85%  (K2W04)2+  19^0 
K4P2O7];  B)  (Na2W04)2 

45 

718 

48 

708 

51 

698 

54 

689 

57 

680 

60 

670 

63 

670 

66 

670 

69 

670 

74 

666 

78 

660 

81 

656 

84 

646 

86 

642 

88 

651 

91 

652 

Pi  at  60%  Na2W04,  670” 

P2  at  88%  Na2W04,  642” 

Section  XVI 

A)  [75^0  (K2W04)2  +  25% 
K4P20f];  B)  (Na2W04)2 

0 

876 

3 

872 

6 

868 

9 

859 

12 

849 

Section  XVI 

15 

839 

18 

834 

21 

820 

24 

812 

27 

797 

30 

783 

33 

775 

36 

764 

39 

753 

42 

737 

45 

727 

48 

717 

51 

704 

54 

690 

57 

675 

60 

670 

63 

661 

66 

661 

72 

661 

75 

656 

78 

656 

81 

652 

84 

652 

91 

658 

95 

676 

.  Pi  at  61*70  Na2W04,  660“ 

P2  at  8ff7o  NajWO^.  640^ 

Section  XVIi 

A)  [907o  (Na2W04)2 -t  107o 
Na4P20y]:  B)  (K2W04)2 


0 

665 

3 

662 

6 

648 

12 

637 

15 

637 

18 

640 

21 

648 

24 

653 

30 

666 

P  at  12.Sf7o  K2WO4.  630" 


j 

i 
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Fig.  4.  Internal  sections  of  the  system  Na.  K  ||  WO4,  PjOj. 


Fig.  5.  Internal  sections  of  the  system, 

Na.  K  II  WO4,  PPj 

The  binary  compound.  Na4P20'i* 

•  (Na^WQ,)*,  within  the  reciprocal  system, 
and  melting  with  decomposition,  is  converted 
to  a  compound  melting  without  decomposi¬ 
tion  and,  existing  in  the  system  to  the  lowest 
temperature,  it  enters  into  the  composition 
of  the  phase  complexes  during  the  final  cry¬ 
stallization  of  the  system  at  points  Ej  and  Ef 


In  Figs.  7  and  8  a  projection  of  the  crystallization  surface  of  the  system  onto  the  K^WO^— Na^WO^  and 
K^PjO,  — sides  is  provided. 


TABLE  3 


DISCUSSION  OF  RESULTS 


Area  No. 

Area  of  crystallization 

Area  of  the  considered  region 
(in  °Io  of  the  total  surface  of 
crystallization  of  the  system) 

1 

*^^2^7 . 

32.46 

2 

KjW04 . 

22.05 

3 

. 

26.03 

4 

Na2W04 . 

1.12 

5 

K2W04Na2W04 . 

2.41 

6 

^®4^2®7*  (^^2^04)2 . ' 

14.78 

7 

K4P20t-  N^207 . 

1.15 

A  graphical  examination  of  the  sys¬ 
tem  showed  the  effect  of  the  secondary 
side  of  the  system  on  the  double  decom¬ 
position  reactions.  We  saw  (Fig  3)  that 
neither  one  of  the  diagonal  profiles  par¬ 
ticipates  in  any  part  of  the  triangulation 
system.  The  square  underwent  division 
into  5  ternary  systems,  according  to  the 
scheme  of  Fig.  3*  of  the  four-fold  inter¬ 
section,  arising  from  the  terminals  of  the 
binary  compounds.  Section  I  was  stable. 
In  agreement  with  these  divisions,  we 
have  designated  below  the  following 
ternary  systems  and  their  corresponding 
invariant  points  (Table  4); 


•  In  Fig.  3  the  phase  triangles  are  numbered  with  Roman  numerals. 


The  section  profiles  are  shown  in  heavy  lines. 
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I)  (Na2W04)2-(K2W04)2  •  (Na2W04)2-Na4P20T  •  (NazWO^)^; 

II)  (K2W04)2  •  (Na2W04)2-(K2W04)2-Na4P207  •  (Na2W04)2; 

III)  (K2W04)2-Na4P207*  K4P207-Na4P20T-  (Na2W04)2; 

IV)  (K2W04)2-K4P20T-Na4P20,  •  K4P2OT; 

V)  K4P2OT  •  Na4P207-Na4P207-Na4P20T  •  (Na2W04)2. 


MflL47i07 


€34* 


Fig.  6.  Surface  of  crystallization  of  the  reciprocal  system, 

Na.  K  II  WO4.  P^Oj.  1)  K4P207-.  2)  K2W04-.  3)  Na4P20T-,  4)  Na2W04r 
K2W04-Na2W04;  6)  K4P207- (Na2W04)z;  7)  K4P20t- Na4P207. 

TABLE  4 


The  reaction  between  the  initial 
components,  in  all  cases,  led  to  the  forma 
tion  of  the  chemical  compounds  of  the 
secondary  side. 

The  fundamental  chemical  inter¬ 
action  may  be  expressed  below  by  the 
following  three  equations,  corresponding 
to  the  three  compositions  on  the  K4P2O7  — 
— (Na2W04)2  diagonal.  These  composi¬ 
tions  are  designated  on  the  square  by  the 
letters  A,  B  and  C,  and  correspond  to  the 
intersection  of  the  triangulation  sections 
with  this  diagonal  (Fig,  3). 

A.  2K4P20^  +  (Na2W04)2  =  (KtWO^)t  + 

+  K4P2O7  •  Na4P20Y*, 

B.  K4P2OT  +  2(Na2W04)2  =  (K2W04)2  + 

+  Na4P20y  •  (Na2W04)2*, 

C.  K4P2OT+  3(Na2W04)2=  2[KjW04- 

•  Na2W04]  +  Na4P207  •  (Na2W04)2. 

It  was  seen  that,  in  the  first  and 
second  case,  paragenesis  (coexistence) 
of  potassium  tungstate,  with  both  pyro- 
compounds,  and  with  sodium  tungstate  and 
pyrophosphate,  occurred.  In  the  third  equa 
tion.  which  corresponds  to  point  C,  a 
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Fig.  7.  Projection  of  the  crystallization  of  the  reciprocal  system,  Na,  K||  WO4,  P2O7 
onto  the  K4P2O7— (K2W04)2  side.  Elucidation  in  text. 


Fig.  8.  Projection  of  the  crystallization  of  the  reciprocal  system,  Na,  K||  WO4,  P20- 
on  the  (K2W04)2~(Na2W04)2  side.  Elucidation  in  text. 


stable  mixture  of  sodium  and  potassium  tungstates  with  sodium  tungstate  and  pyrophosphate  was  obtained. 

For  the  center  of  the  square,  where  both  diagonals  intersect,  we  have  the  following  equation  which  may  be 
obtained  by  addition  of  Equations  A  and  B. 


2K4PA  +  (Na2W04)2  =  (K2W04)2  +  K4P202-  Na4P202 


K4P2O,  +  2(Na2W04)2  =  (K2W04)2  +  Na4P207-  (Na2W04)2 


3K4P2O7  +  3(Na2W04)2  =  2K2WO4  +  K4P2O2  •  Na4P207  +  Na4P207  +  Na2W04:2 

This  equation  shows  the  coexistence  of  potassium  tungstate  with  pyrophosphate  compounds,  as  well  as  with 
a  combination  of  sodium  pyrophosphate  and  sodium  tungstate.  From  the  character  of  the  triangulation  system. 

It  also  follows  that  all  3  compounds  of  the  secondary  side  may  not  be  paragenetic.  For  all  interactions,  the  follow¬ 
ing  reaction  would  proceed,  in  which  the  compound  Na2W04  •  K2WO4  would  separate  and  the  relationship  between 
the  two  remaining  binary  compounds  would  change: 

3[K4P207  •  Na4P207]  +  3[Na4P207  •  = 

=  8K2WO4  ^  2[K4P207  •  Na4P207]  +  5[Na4P207  •  (Na2W04)2]. 


SUMMARY 

1.  By  the  visual -polythermal  fusion  method,  the  fusion  diagram  of  the  reciprocal  system,  Na.  K||  WO4,  P2O7, 
was  studied  at  length. 

2.  The  1:1  composition  of  the  combination  of  sodium  tungstate  and  pyrophosphate,  melting  with  decomposi¬ 
tion  at  767®,  was  established. 

3.  The  1:1  composition  of  the  combination  of  sodium  and  potassium  tungstate,  melting  with  decomposition 
at  689®,  was  established. 

4.  Within  the  reciprocal  system,  the  crystallization  boundaries  of  the  components  and  the  compounds, 
Na4P20,-  (Na2W04)2,  Na2W04  •  K2WO4,  Na4p207  •  K4P2O7  were  established.  The  Na4P20y  K4P2O7  area  exists  in  the 
system  only  at  742°. 

5.  In  the  system,  5  ternary  invariant  points,  one  binary  transfer  invariant  point,  and  one  binary  slope  point, 
were  established. 
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TRANSITION  OF  H  -  A  L  U  M  IN  OS  IL IC  A  TE  S  TO  A  1  -  A  LU  M  IN  OSILIC  A  T  ES 


K.  G.  Miesserov 


Treatment  of  the  aluminosilicates  with  solutions  of  mineral  acids  leads  to  displacement  of  the  cations  by 
hydrogen  ions.  The  H -aluminosilicates  forming  are  not  stable  and  are  easily  converted  to  A1 -aluminosilicates  be¬ 
cause  of  the  aluminum  contained  in  the  aluminosilicates  [1]  For  natural  bentonite  this  transition  is  accomplished 
both  because  of  free  aluminum  oxide  and  because  of  the  aluminum  of  the  hydrargillite  layers,  and  appears  to  be  a 
result  of  the  interaction  of  the  hydroxyl  groups  of  the  tetrahedral  Si— O  layers  widi  the  hydroxyl  groups  occurring 
with  the  aluminum  atoms  [2]. 

The  purpose  of  the  present  investigation  is  a  study  of  the  process  of  the  displacement  of  aluminum  ions  by 
hydrogen  ions  in  silica  gel.  activated  aluminum  oxide,  and  industrial  synthetic  aluminosilicates. 

EXPERIMENTAL 

Samples  of  aluminosilicate  were  prepared  by  treatment  of  duplicate  weighed  portions  of  finely  porous,  ground 
silica  gel  with  a  1  N  solution  of  AlClj,  partially  neutralized  by  a  solution  of  NaOH.  After  washing  off  the  chloride 
ions  with  water,  half  the  samples  were  dried  and  calcined.  Then  for  the  two  samples  (the  calcined  and  the  non- 
calcined)  the  exchange  (by  NaCl)  and  the  hydrolytic  (by  CHjCOONa)  acidities  were  determined. 

In  order  to  determine  the  exchange  and  hydrolytic  acidities  of  the  aluminosilicates,  a  method  differing  some¬ 
what  from  the  method  employed  for  study  of  soil  acidity  [3,  4]  was  used.  The  method  was  developed  for  the  follow¬ 
ing  samples;  industrial  synthetic  aluminosilicate  catalysts,  activated  bentonite  (industrial  tableted  catalyst,  ob¬ 
tained  by  treating  natural  bentonite  clays  with  acid),  finely  porous  silica  gel  and  activated  aluminum  oxide.  All 
the  samples  were  calcined  at  500°.  Duplicate  weighed  portions  (5  g)  of  ground  samples  (particle  size  0.5  mm) 
were  repeatedly  treated,  by  shaking  with  60  ml  of  a  1  N  solution  of  sodium  chloride.  The  solutions  were  decanted 
into  measuring  flasks.  The  acidity  of  the  salt  extract  was  determined  by  titration  of  25  ml  of  solution  with  0.03 
N  NaOH  in  the  presence  of  phenolphthalein  (Table  1). 

It  is  seen  that  the  maximum  value  of  the  exchange  acidity  is  attained  by  samples  treated  with  1  N  solution 
of  NaCl,  in  a  period  of  2  days,  with  a  total  solution  volume  of  500  ml.  Values  of  the  hydrolytic  acidity  for  syn¬ 
thetic  aluminosilicate  and  for  alumino  silica  gel  increased  continuously  with  an  increase  of  the  period  of  treat¬ 
ment  with  sodium  acetate  solution.  Apparently,  this  phenomenon  depends  on  the  fact  that,  in  the  sodium  acetate 
solution,  aluminum  ions  connected  to  the  non -displaced  centers  were  also  converted  (earlier  [5]  it  was  shown  that 
at  such  a  non -replaced  center  the  single  hydroxyl  groups  of  silica  gel  appear).  Thus,  treatment  of  the  two  sam¬ 
ples  described  with  a  solution  of  sodium  acetate  did  not  yield  the  actual  value  of  the  hydrolytic  acidity  For  acti¬ 
vated  bentonite  and  for  silica  gel,  the  maximum  value  of  the  hydrolytic  acidity  was  attained  by  treatment  with 
a  solution  of  sodium  acetate  for  a  period  of  days  up  to  a  total  solution  volume  of  500  ml. 

The  samples  which  were  not  treated  with  a  solution  of  sodium  chloride,  were  subjected  to  repeated  treatment 
with  a  1  N  solution  of  HCl,  and  after  careful  washing  away  of  the  acid,  were  treated  with  solutions  of  NaCl  and 
CHgCOONa  to  determine  their  exchange  and  hydrolytic  acidities.  In  the  hydrochloric  acid  extracts,  the  aluminum 
content  was  determined  electrometrically  by  the  Treadwell  method  [6]  as  modified  by  Chernov  [7]  (Table  2). 

The  data  in  Table  2  show  that  calcination  of  the  alumino -silica  gel  leads  to  a  decrease  of  the  magnitude 
of  its  hydrolytic  acidity.  The  reason  for  this  phenomenon,  apparently,  depends  on  the  following  considerations. 
According  to  Chernov  [7],  in  aqueous  solutions  of  AlClj  at  small  concentrations,  the  first  stage  of  hydrolysis  takes 
place  according  to  the  equation 


A1C1,+  HOH 


HCl  4  Al-Cl 
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TABLE  1 


Effect  of  Repeated  Treatment  of  Aluminosilicate  and  Silica  Gel  with  N  Solutions  of  NaCl  and  CHjCOONa  and 
Effect  of  the  Total  Volume  of  Solution  on  the  Magnitude  of  the  Exchange  and  Hydrolytic  Acidities 


Samples 

S 

ynthetic  aluminosilicate 

Activated  bentonite 

Total  volume  of  salt  solution  (ml) 

!  250 

500 

1000 

500 

1000 

Continuous  treatment  (days) 

i  2 

1 

1  2 

1  3 

2  weeks 

1 

1  ^ 

4 

;  2  weeks 

Acidity  (mequiv/ 

NaCl  solution 

16.6 

17.0 

i  18.0 

!  1 
;i8o  1 

1 

!  18.0 

;  8.4 

9.6 

j 

9.2  i 

!  9.6 

100  g)  by  treat-  ^ 
ment 

CHjCOONa 
.  solution 

44.0 

46.2 

i  1 

j  51.0 

i  ! 

!  54.0  1 

61.2 

i 

1  28.2 

1 

1  28.8 

28.8 

28.8 

TABLE  2 


Change  of  the  Exchange  and  Hydrolytic  Acidities  of  Calcined  and  Non -Calcined  Samples  of  Alumino -Silica  Gel 
As  a  Result  of  Their  Treatment  with  a  Normal  Solution  of  Hydrochloric  Acid  (Values  expressed  in  mequiv,/100  g) 


Sample  of 

1 

Initial 

1  Treated  by  1  N  solution  of  HCl 

alumino -silica 

'  acidity  ' 

j  aluminum 

^  acidity  | 

quantity  of  aluminum 

gel 

exchange  j 

1  hydrolytic 

1  content 

exchange 

hydrolytic  j 

separating  in  ! 
solution 

remaining  in 
sample 

Non -calcined.  .  . 

I  23.0 

1 

70.8  i 

! 

i  228 

0 

26.7 

225 

3 

Calcined . 

1  24.0 

56.6 

228 

6.6 

33.6 

140 

88 

Note;  The  content  of  aluminum  in  the  initial  samples  was  determined  by  boiling  after  treatment  with  a  1  N  solu 
tion  of  HCl,  and  then  determining  the  aluminum  in  the  hydrochloric  acid  extract  by  the  electrometric  method  of 
Treadwell. 


Apparently,  the  interaction  of  the  basic  aluminum  salt,  formed  from  the  OH  groups  of  silica  gel.  proceeds 
according  to  the  reaction 


,C1  I 

-Al<^  — ►  -Si-O- 

\ci  I 

Transition  of  the  aluminum  ions  to  the  solid  phase  accompanies  replacement,  as  a  result  of  hydrolysis,  of  the 
remaining  Cl  ions  by  OH  groups.  Then  in  their  turn.  Cl'  ions  interact  with  the  hydroxyl  groups  of  silica  gel, 
with  the  liberation  of  water  and  formation  of  the  Si— o~Al  bond.  The  fact  that  treatment  of  like  samples  with  a 
solution  of  a  neutral  salt  depends,  as  shown  experimentally,  on  the  displacement  in  solution  of  only  the  trivalent 
aluminum  ions,  and  the  NaNOj  extract  of  the  samples  did  not  contain  chloride  ions,  may  serve  as  confirmation  of 
the  stated  mechanism.  During  treatment  of  silica  gel  with  a  solution  having  a  large  content  of  the  basic  form  of 
aluminum,  part  of  the  OH'  groups  may  also  remain  with  the  aluminum  atoms,  as  a  result  of  the  fact  that  in  the 
vicinity  of  these  atoms  there  are  no  free  hydroxyl  groups  from  silica  gel.  Actually,  in  the  NaCl -extract  of  such 
samples,  besides  trivalent  aluminum,  there  is  a  considerable  quantity  of  its  basic  form. 

TTie  quantity  of  the  basic  form  of  aluminum  was  calculated  by  difference  of  the  total  aluminum  content 
in  solution  and  the  content  of  trivalent  aluminum  ions.  The  quantity  of  the  latter  was  determined  by  direct  titra¬ 
tion  of  the  salt  extract  with  a  solution  of  alkali,  in  the  presence  of  phenolphthalein.  The  total  content  of  alum¬ 
inum  was  determined  by  the  Sokolov  method  [8],  in  which  by  addition  of  a  small  excess  of  hydrochloric  acid  all 
the  basic  form  of  aluminum  in  solution  is  converted  to  AICI3. 

Aluminum  atoms,  with  which  unreacted  hydroxyl  groups  remained,  are  retained  by  silica  gel  less  firmly  than 
trivalent  aluminum  ions,  since  their  bonding  with  silica  gel  is  accomplished  by  only  one  or  two  valences,  depending 
on  the  number  of  hydroxyl  groups  remaining  with  the  aluminum  atoms,  while  the  trivalent  ions  are  fixed  on  silica 
gel  by  three  valence  bonds. 

It  is  very  probable  that  for  this  reason  sodium  acetate  is  capable  of  displacirgsuch  aluminum  atoms  in 
solution,  even  in  the  case  where  the  aluminum  ion  replaces  hydrogen  Ion  in  the  hydroxyl  group  [5].  The  calcined 
samples,  containing  the  chemically  bound  basic  form  of  aluminum,  lead  in  all  probability,  to  firmer  attachments 


-Si-OH+  HO 


< 


Cl 


H,0. 


Cl 
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TABLE  1  (continued) 


of  aluminum,  as  a  result  of  the  splitting  off  of  part  of  the  basic  form  of  aluminum  and  formation  of  two  or  three 
valence  bonds  of  the  remaining  aluminum  with  silica  gel  according  to  die  scheme 


yOH 

—Air 


\  ' 

-Si-O-AlC  ^Al-O-Si- 

I  ^OH  HO'^  I 
I  I 

-Si-O-AK  HO - Al-O-Si- 

I  I 

M- 


/OH. 

-0-Si- 


HO - Al-O-Si- 


-Si-O-Al-0 


-Si-0-Al-0-Si-+  AI2OS+  3H,0. 

I  \  1 


From  data  of  Table  2  it  is  seen  also  that  treatment  of  the  non -calcined  samples  with  1  N  solution  of  HCl  was 
accompanied  by  complete  (within  the  limits  of  experimental  error)  removal  of  all  the  absorbed  silica  gel  aluminum, 
and  the  magnitude  of  the  exchange  acidity  was  made  equal  to  zero. 

Extraction  of  all  the  aluminum  from  the  calcined  samples,  treated  with  acid  in  the  cold,  was  not  successful. 
Obviously,  this  circumstance  depended  on  the  fact  that  the  absorbed  form  of  basic  aluminum,  on  calcination  yielded 
aluminum  oxide.  The  latter,  as  a  result  of  its  poor  solubility  in  cold  hydrochloric  acid  solution,  was  not  removed 
completely  from  the  sample.  Since  in  alumino -silica  gel,  after  treatment  with  a  1  N  solution  of  acid,  no  chem¬ 
ically  bound  aluminum  remained,  the  preservation  of  some  exchange  capacity  of  the  calcined  sample  treated  with 
acid  may  be  explained  by  the  fact  that  it  contained  free  aluminum  oxide.  The  appearance  of  the  exchange  acid¬ 
ity  under  the  influence  of  aluminum  oxide,  according  to  the  point  of  view  of  Hansford  [9]  depends  on  the  fact  that 
aluminum  oxide  assumes  part  of  the  affinity  of  the  oxygen  atom  of  the  silica  gel  hydroxyl  group,  as  a  result  of 
which  the  bond  between  O  and  H  loosens,  and  the  mobility  of  the  hydrogen  ion  increases. 

The  description  enables  one  to  conclude  that  the  transition  of  H -alumino -silica  gel  to  A1 -alumino -silica 
gel  is  possible  only  because  of  the  free  aluminum  oxide  remaining  in  the  samples  after  treatment  with  acid. 

Results  of  further  experiments  are  given  in  Table  3.  The  method  of  these  experiments  included  the 
following:  duplicate  weighed  portions  of  ground  samples  of  activated  bentonite,  industrial  synthetic  aluminosilic¬ 
ate  and  alumino -silica  gel  were  subjected  to  repeated  treatment  with  a  N  solution  of  hydrochloric  acid.  The  acid 
was  then  washed  from  the  samples  with  water,  they  were  dried,  calcined  and  treated  with  a  solution  of  sodium  c 
chloride  to  determine  the  magnitude  of  die  exchange  acidity. 

In  the  salt  extract,  besides  the  total  acidity,  the  aluminum  content  was  also  determined.  The  Sokolov  [8] 
method  was  used  for  the  determination. 

According  to  this  method,  two  titrations  with  alkali  in  the  presence  of  phenolphthalein  were  carried  out; 
one  titration  without  addition  of  NaF  to  die  solution,  which  determines  the  total  acidity  of  the  solution,  and  die 
second  titration  in  the  presence  of  sodium  fluoride.  In  the  latter  case  only  the  free  acid  is  taken  into  account, 
since  sodium  fluoride  binds  the  aluminum,  contained  in  the  solution,  into  the  complex.  NajAFj.  The  aluminum 
content  was  calculated  by  the  difference  of  the  total  acidity  and  the  free  acid  content  of  the  solution. 

Treatment  of  the  samples  with  HCl  solution  and  calcination  ^vas  carried  out  alternately  5  times. 
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TABLE  3 

Change  of  Values  of  Exchange  Acidity  of  Samples  of  Aluminum  Silica  Gel  as  the  Result  of  Alternate  Treatment 
with  IN  Solution  of  Hydrochloric  Acid  and  Calcining  (in  m-equiv/100  g). 


Sample  of 
aluminosilicate 

1 - - - 1 

1  Property 

\  Initial 

1  Older  of  treatment 

:  1 

2 

3 

4 

5 

Activated  ben-)  f 

1  Exchange  acidity 

:  8.4 

.10.8 

10.8 

10.8 

10.8 

11.4 

tonite  C 

Content  of  aluminum  in  NaCl  extract 

8.4 

10.8 

10.8 

10,8 

10.5 

1  10.8 

Alumino -silica  | 

Exchange  acidity 

8.8 

4.9 

3.7 

3.7 

2.7  : 

i 

2.1 

gel  1 

Content  of  aluminum  in  NaCl-extract 

8.8 

4.3 

i 

2.2 

1.9 

1.2  , 

0.9 

Synthetic  alum-  ) 

Exchange  acidity 

17.0 

14.4 

10.8 

7.8 

8.2  . 

7.6 

ino -silicate  ( 

Content  of  aluminum  in  NaCl-extract 

17.0  1 

14.4 

10.2 

7.2 

7.6 

6.4 

Note;  The  exchange  acidity  was  determined  by  treatment  of  the  samples  with  N  solution  of  sodium  chloride  dur¬ 
ing  a  period  of  one  day. 


The  experiments  showed  that  after  each  cycle  of  treatment  the  exchange  acidity  of  the  alumino -silica  gel 
continuously  decreased.  This  depended  on  the  fact  that  the  Si— O— A1  bond  in  alumino -silica  gel  occurs  on  its  sur¬ 
face,  and  is  easily  attacked  by  acid,  which  explained  the  removal  from  the  sample  of  all  the  chemically  absorbed 
aluminum. 

Calcination  of  the  sample  is  accompanied  by  interaction  of  the  remaining  free  aluminum  oxide  with  the  OH 
groups  forming,  which,  as  shown  by  a  specially  conducted  experiment,  led  to  some  increase  of  the  exchange  acid¬ 
ity,  as  a  result  of  the  fact  that  the  hydrogen  ions  were  replaced  by  the  more  mobile  aluminum  ions.  For  example, 
the  exchange  acidity  of  alumino -silica  gel,  directly  after  acid  treatment,  amounted  to  3.7’m  equiv/100  g,  and 
after  calcination  —  4.9  m  equiv/100  g. 

The  oxide  aluminum,  replacing  the  hydrogen  ion  of  the  silica  gel  hydroxyl  group,  beconus  susceptible  to 
removal  by  subsequent  acid  treatment.  Thus,  alternate  calcination  and  acid  treatment  of  alumino -silica  gel 
led  to  the  fact  that,  after  the  5th  cycle  of  treatment,  all  the  aluminum  from  the  sample  was  removed,  and  the 
magnitude  of  the  exchange  acidity  became  negligible. 

Foi  activated  bentonite,  acid  treatment  did  not  decrease  the  magnitude  of  the  exchange  acidity,  since  the 
montmorillonite  structure  made  the  Si— O— A1  bond  inaccessible  to  the  action  of  acid.  Synthetic  alumino-silicate 
occupied,  according  to  the  change  of  the  magnitude  of  exchange  acidity,  a  position  intermediate  between  activa¬ 
ted  bentonite  and  alumino -silica  get.  after  die  5th  cycle  of  treatment,  its  exchange  acidity  had  decreased  by  half. 
This  fact  may  serve  as  confirmation  of  the  previously  discussed  assumption  [10]  relative  to  the  fact  that,  into  the 
composition  of  synthetic  aluminosilicate  two  compounds  enter:  one  —  a  montmorillonite  type,  the  other  —  an 
alumino -  silica  gel  type. 

The  acid  extracted,  from  synthetic  aluminosilicate,  all  of  the  aluminum  which  was  bound  to  the  silica  gel 
structure,  and  the  remaining  exchange  acidity  of  the  sample  depended  exclusively  on  the  presence  of  free  alumi¬ 
num  oxide  in  it  and  on  a  structure  of  the  montmorillonite  type,  producing  a  Si— O— A1  bond  which  was  inaccess¬ 
ible  to  the  action  of  acid. 

The  calcination  of  the  sample  was  accompanied  by  an  increase  of  its  exchange  acidity,  as  a  result  of  the 
fact  that  the  interaction  of  aluminum  oxide  with  the  silica  gel  hydroxyl  group  part  of  the  aluminosilicate,  led  to 
replacement  of  the  hydrogen  ions  by  the  more  mobile  aluminum  ions. 

Increase  of  the  exchange  acidity  of  aluminosilicate  during  die  process  of  replacement  of  the  exchange  ions 
of  hydrogen  by  aluminum  ions  is  illustrated  by  the  data  of  Table  4. 

From  the  data  of  Table  3  it  followed  that  the  decrease  of  the  exchange  acidity  of  synthetic  aluminosilicate 
ceased,  beginning  with  tire  3rd  cycle  of  treatment.  This  Indicates  that  complete  removal  of  free  aluminum  oxide 
was  attained  in  the  first  two  cycles  of  operation,  and  the  sample  lost  its  capacity  to  reduce  that  part  of  the  acidity 
which  depended  on  its  silica  gel  structure. 

Thus,  the  experimental  results  led  to  the  conclusion  that,  in  synthetic  aluminosilicate,  replacement  of  the 
exchange  ions  of  hydrogen  by  Al"  ion  occurs  because  of  aluminum  entering  into  the  montmorillonite  type  of  sttuc- 
ture,  and  also  because  of  free  aluminum  oxide,  if  it  was  not  removed  completely  from  the  sample. 
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TABLE  4 


SUMMARY 


Variation  of  tlie  Exchange  Acidity  of  Synthetic  Aluminosilicate 
During  the  Process  of  R  eplacement  of  Exchanged  Ions  of  Hydrogen 
by  Aluminum  Ions  (5  g  sample  was  shaken  for  15  minutes  with 
60  ml  of  1  N  solution  of  NaCl)  (in  m  equiv/100  g) 


When  salt  solution  treatment 

was  carried  out 

Total  acidity  of  solu¬ 
tion  after  treatment  of 
sample  with  60  ml  of 
NaCl  solution 

Aluminum 

content  in 

NaCl- 

extract 

Immediately  after  washing 
off  acid . 

5.83 

1.37 

After  1  hour . . . 

6.05 

2.88 

After  2  hours . 

6.05 

3.46 

After  3  hours . 

6.34 

4.46 

After  1  day . 

7.06 

6.48 

After  2  days . 

7.27 

6.98 

After  drying . 

7.63 

7.34 

After  calcining . 

7.92 

7.63 

Note:  In  the  second  column  of  the  table  are  presented  values,  not 
of  the  exchange  acidity,  but  of  quantities  characterizing  its  magni¬ 
tude. 


1.  Treatment  of  silica  gel  and  activa¬ 
ted  aluminum  oxide  with  a  1  N  solution  of  HCl 
is  accompanied  by  removal  of  all  the  chem¬ 
ically  combined  aluminum.  The  OH  groups 
forming  interact  with  the  remaining  alum¬ 
inum  oxide,  as  a  result  of  which  the  hydrogen 
ions  of  the  active  hydroxyl  groups  are  replaced 
by  aluminum.  In  synthetic  aluminosilicate  the 
replacement  of  exchanged  hydrogen  ions  by 
aluminum  occurs  because  of  aluminum  oxide 
and  because  of  the  aluminum  entering  into 
the  montmorillonite  type  of  structure. 

2.  The  value  of  the  hydrolytic  acidity 

of  synthetic  aluminosilicate  and  alumino -silica - 
gel,  determined  by  treatment  with  a  solution  of 
sodium  acetate,  exceeded  the  actual  magnitude 
of  the  hydrolytic  acidity  of  the  samples.  This 
circumstance  depended,  obviously,  on  the  fact 
that  in  the  described  samples,  basic  aluminum 
was  found  in  the  absorbed  condition,  which, 
being  connected  with  the  small  activity  centers 
of  silica  gel,  promoted  displacement  in  sodium 
acetate  solution,  since  the  basic  f(»m  of  alum¬ 
inum,  in  contrast  to  trivalent  aluminum,  was 
attached  to  silica  gel  only  by-  one  or  two  va¬ 
lence  bonds. 


,  3.  The  nature  of  the  variation  of  the  exchange  acidity  of  activated  bentonite,  synthetic  alumino -silicate 
and  silica  gel  and  activated  aluminum  oxide,  which  takes  place  as  a  result  of  treatment  of  samples  with  hydrochlor¬ 
ic  acid,  may  serve  as  confirmation  of  the  earlier  proposal  [10]  relative  to  the  fact  that  into  the  compoiition  of  syn¬ 
thetic  aluminosilicate,  two  compounds  enter:  one  —  a  montmorillonite  type,  the  other  —  an  alumino -silica  gel 
type. 
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ION  EXCHANGE  IN  WATER-ORGANIC  SOLUTIONS 
E.  A.  Materova,  Zh,  L.  Vert  and  G.  P.  Grinberg 


By  the  process  of  ion  exchange,  in  a  narrow  sense,  is  meant  exchange  reactions  between  solution  and  solid 
phase,  as  a  result  of  which  ions  of  definite  sign  are  transferred  from  the  liquid  phase  to  the  absorbent,  returning 
an  equivalent  quantity  of  different  ions  to  the  solution.  This  reaction  is  the  basis  of  many  laboratory  and  indus¬ 
trial  processes  in  which  synthetic  ion  exchange  resins  are  used. 

The  ion  exchange  phenomenon  has  been  the  subject  of  numerous  investigations,  in  which  the  leading  role 
belongs  to  Soviet  scientists  (K.  K.  Gedroits,  E.  N.Gapon,  B.  P.  Nikolsky),  who  formulated  strict  quantitative  theories  of 
these  processes. 

Ion  exchange  is  widely  used  for  the  analytical  purposes  of  separating  and  purifying  aqueous  solutions.  There 
have  also  been  attempts  to  use  exchange  processes  in  non-aqueous  and  mixed  solutions'.  For  example,  ion  exchange 
is  used  for  purification  of  acetone  from  acid  and  alkali,  for  removing  calcium  and  magnesium  from  kerosene,  for 
dry  purification  of  alcohol,  glycerin,  ethylene  glycol,  etc..  However,  the  phenomenon  of  ion  exchange  in  non- 
aqueous  and  mixed  solvents  has  been  insufficiently  investigated,  which  seems  to  be  a  deterrent  to  universal  use  of 
ion  exchange  resins  in  organic  and  water -organic  media. 

Theoretically,  ion  exchange  processes  are  of  interest  in  the  investigation  of  exchanges  involving  replacement 
of  water  in  solution  by  organic  solvents.  Such  a  replacement  should  lead  to  a  change  of  ionic  distribution  between 
solid  phase  and  solution  because  of  property  changes  of  the  ions  (hydration,  interaction  with  other  ions  and  solvent) 
and  because  of  property  changes  of  solid  absorbent  (swelling). 

Wiegner  [1],  who  studied  ion  exchange  in  permutite  in  alcohol-water  solutions,  attempted  to  account  for  the 
effect  of  media  on  exchange  reactions.  She  considered  the  absorbent  as  a  colloidal  system,  the  particles  of  which 
carry  a  negative  charge.  Ions  entering  such  a  system  should  be  stronger  the  more  dehydrated  the  ions  entering  the 
absorbent  and  the  more  hydrated  the  ions  entering  the  solution.  Weigner  investigated  the  entrance  of  Na'*',  Kr*"  and 
Cs^  ions  into  Ca"*"*^  -  permutite  and  showed  that  the  ionic  hydration  value  decreased  with  an  increase  of  the  per  cent 
of  ethyl  alcohol  in  the  alcohol -water  solutions.  The  real  ionic  radii  began  to  play  an  essential  role  in  exchange, 
and  the  order  of  arrangement  of  the  ions  in  the  lyotropic  series  changed.  Wiegner,  assuming  that  the  change  of  the 
magnitudes  of  the  cations  entering  was  proportional  to  the  quantity  of  alcohol  in  solution,  calculated  their  magni¬ 
tudes,  and  they  agreed  well  with  experimental  data.  Weigner  also  observed  a  linear  relationship  between  the  quan¬ 
tity  of  ions  absorbed  and  the  alcohol  concentration.  Ion  exchange  in  soils  in  alcohol -water  solutions  was  studied 
by  Prianishnikov  [2],  and  led  to  a  conclusion  similar  to  drat  of  Wiegner. 

Of  interest,  from  the  point  of  view  of  solvents  in  cationic  exchange  processes  in  silicate  systems,  is  the  work  of 
Izmailov  and  Frantsevich -Zabludovskaya  [3],  who  studied  the  behavior  of  the  glass  electrode  in  alcohol -water  solu¬ 
tions.  These  authors  concluded  that  a  change  of  the  exchange  constants  of  the  glass  during  transition  from  one  med¬ 
ium  to  another  depends  only  on  the  change  of  the  ratios  of  the  ionic  activities  in  these  solutions,  which  are  numer¬ 
ically  eqiral  to: 


.  / iHlN 

Kii  \aNa+/i  V^Na^/ll’ 

where  Ki  and  Kjj  are  the  exchange  constants  in  media  I  and  II,,  ai  is  the  corresponding  activity  of  an  ion  in  the 
solutions. 

With  ion  exchange  resins,  cation  exchange  in  water -organic  media  was  studied  by  Kressman  and  Kitchener 
[4].  The  authors  found  a  whole  series  of  experimental  facts,  the  majority  of  which  were  not  elucidated.  The  most 
essential  result  of  the  work  seems  to  be  the  following:  1)  the  quantity  of  absorbed  alkali  ions  increased  with  an 
increase  in  the  concentration  of  the  organic  solvent,  and  2)  in  alcohol -water  solutions  the  logarithm  of  the  exchange 
constant  changed  linearly  with  the  change  of  alcohol  concentration;  in  acetone  -water  solutions  die  magnitude  of 
the  constant  appears  to  be  a  linear  function  of  the  acetone  concentration.  In  particular,  for  exchange  of  different 
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TABLE  1 


Ionic  Exchange  of  Barium  and  Sodium  on  Vofatit  C  in  Aqueous  Solutions 


Expt.  j  Volume  ratio  of 
No.  discharged  solu- 
'  tions  (VBa:VNa) 


Ionic  concentration  in  solution 
(m  equiv/g) 

Ionic  concentration  in  absorbent 
(m  equiv/g) 

CBa  1  CNa 

Gsa  1 

'^exptl. 


1 

2 

} 

|i 

3  : 

;  1 

0.05103  1 

0.02398 

3 

4 

1.:  1 

j 

1 

0.03571  i 

i 

0.04928 

5 

6 

] 

1.-3 

0.01754  ; 

1 

0.07476 

7 

8 

;] 

1  : 

5 

j  0.01206  \ 

!  i 

0.08023 

9 

10 

i] 

1  : 

10  i 

1 

0.006117  1 

0.09032 

11 

12 

! 

j 

♦ 

1  : 

10 

0.006117 

0.09032 

13 

i 

1  :  40 

0.001630 

0.09758 

Na -Vofatit 


3.04 

0.0465 

3.98 

1 

3.03 

0.0561 

3.29 

fj  2.95 

0.121 

3.70 

Cj  2.96 

0.126 

3.52 

2.79 

0.256 

3.69 

1 

2.81 

0.257 

3.69 

( 

2.73 

0.347 

3.48 

1 

2.73 

0.340 

3.53 

2.56 

0.501 

3.68 

1 

2.58 

0.512 

3.62 

1  Average . 

3.62+0.13 

Ba- 

Vofatit 

f 

2.58 

0.519 

3.58 

1 

2.57 

0.520 

3.53 

2.10 

0.961 

_ 

3.65 

Average . 

3.59  0.04 

ions  in  water-organic  solvents  the  authors  explained  the  effect  of  solvents  on  the  basis  of  effective  ionic  diameters, 
according  to  Debye  (a®). 

Thus,  the  reports  in  the  literature  on  ion  exchange  in  non-aqueous  and  mixed  solutions  do  not  give  a  com¬ 
plete  picture  of  the  mechanism  of  the  exchange  processes  in  such  media.  The  difficultly  of  interpretation  of  the 
results  obtained  in  water -organic  solutions  is  accounted  for  by  the  meagerness  of  information  on  the  activity  of 
salts  in  the  presence  of  non-aqueous  solvents. 

In  the  present  report  cation  exchange,  with  ion  exchange  resins  under  dynamic  conditions  in  alcohol -water 
and  acetone -water  solutions,  was  studied  for  the  purpose  of  examining  the  applicability  of  the  exchange  laws  to 
ion  exchange  processes  in  water -organic  media,  and  also  to  analyses  of  the  operation  of  a  column  in  such  solu  ¬ 
tions. 


EXPERIMENTAL 

1.  Equilibrium  Established  During  Cation  Exchange  in  Water -Organic  Solutions 

a)  Ion  exchange  of  sodium  and  barium  in  alcohol -water  solutions.  Vofatit  C  (carboxyl  ion  exchange)  was 
used  as  an  absorbent  for  investigating  ion  exchange  in  alcohol -water  solutions.  Barium  and  sodium  served  as  the 
exchanging  ions.  Experiments  were  carried  out  principally  on  the  sodium  form  of  Vofatit  C,  which  was  obtained 
by  treatment  of  the  initial  absorbent  with  0.5  N  NaCl.  Part  of  the  experiment  was  carried  out  on  the  barium  form 
of  Vofatit  C.  The  ionic  strength  of  the  solutions  was  kept  constant  and  equal  to  0.1.  The  operating  solutions  were 
prepared  from  0.0667  N  barium  chloride  solution  and  0.1  N  sodium  chloride  solution  in  the  ratios:  3:1,  1:1,  1:3, 
1:5,  1:10  and  1:40.  The  solutions  contained  0,  15.5,  30,  50  and  71  weight  per  cent  of  ethyl  alcohol.  The  equilib¬ 
rium  ionic  concentrations  were  determined  by  gravimetric  methods:  barium  as  the  sulfate  and  sodium  as.  sodium- 
zinc  uranylacetate.  The  pH  of  the  active  solutions  was  6.15-6.40. 

The  method  of  conducting  the  experiments  consisted  of  the  following:  Into  a  small  weighed  column  with 
perforated  bottom  was  placed  a  weighed  portion  of  cationite  (0.3 -0.4  g),  which  was  brought  into  equilibrium  with 
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Fig.  1.  Isotherms  of  ionic  exchange  of  sodium  and  barium  Fig.  2.  Relationship  of  experimental  ionic  exchange 
for  Vofatit  C  in  aqueous  and  alcoholic -aqueous  solutions.  constant  of  sodium  and  barium  to  the  per  cent  content 
1)  ^0  CjHjOH;  2)  Ib.fPjo  C2H5OH;  3)  30^0  C2HgOH;  4)  507o  of  alcohol  in  solution. 

C2H5OH;  5)  ll°Io  C2H5OH. 


solutions  of  barium  and  sodium  ions,  taken  in  different  proportions.  For  this  purpose  solution  was  supplied  to  the 
column  at  a  rate  of  15-20  ml/hr  from  a  bottle  with  attached  tube.  Each  weighed  portion  of  kbsorbent  was  treated 
with  1  liter  of  solution.  After  completion  of  the  operation,  the  excess  of  solution  was  carefully  drawn  off,  and  the 
column  was  weighed  in  order  to  determine  the  amount  of  mechanically  retained  solution,  for  which  a  correction 
was  introduced  for  swelling  of  the  cationite.  Then  the  cationite  was  washed  with  150-200  ml  of  0.1  N  HCl  solution 
until  the  absorbed  ions  were  completely  displaced.  Sodium  and  barium  ions  were  determined  quantitatively  in  the 
hydrochloric  acid  solution  obtained.  The  experimental  data  served  for  calculation  of  the  exchange  constant,  which 
was  calculated  from  the  Nikolsky  [5]  equation: 


^Na  7^ 

\/^ 


(1) 


where  Cj  is  the  concentration  of  an  ion  in  the  equilibrium  solution  (in  m  equiv/g),  Gi  is  the  quantity  of  absorbed 
ion  (in  m  equiv/g),  K  is  the  exchange  constant. 


The  experimental  results  for  the  aqueous  solutions  are  presented  in  Table  1. 

Experiments  1-10  were  carried  out  on  the  sodium  form  of  Vofatit,  and  11-13  —  on  the  barium  form,  the  latter 
for  the  purpose  of  verification  of  the  reversibility  of  the  process.  Comparing  the  exchange  constants  for  experi¬ 
ments  on  sodium  and  barium  cationites,  it  is  possible  to  draw  conclusions  concerning  the  complete  reversibility  of 
the  ion  exchange  of  barium  and  sodium  on  Vofatit  C  in  aqueous  solution. 

In  Table  2  experimental  results  for  exchange  of  the  same  cations  in  alcohol -water  solutions  are  presented. 

In  Fig.  1  exchange  isotherms  of  sodium  and  barium  on  Vofatit  C  in  water  and  alcohol  solutions  are  represented. 
From  this  figure  it  is  seen  that  the  experimental  points  for  all  the  concentrations  of  alcohol  studied  lie  on  a  straight 
line  passing  through  the  origin  of  the  coordinates,  and  consequently,  the  cation  exchange  in  synthetic  resin  absor¬ 
bent  bodi  in  aqueous  and  alcohol  solution  obeyed  equation  (1).  From  Tables  1  and  2  it  follows  that  the  exchange 
constant  (will  be  designated  by  Kg^ptl.)  for  sodium  Vofatit,  calculated  from  equation  (1),  appears  to  be  a  function 
of  the  per  cent  alcohol  content  of  the  solution.  The  graphical  relationship  of  Kexptl.  io  the  per  cent  content  of 
alcohol  is  shown  in  Fig.  2. 

Results  of  the  experiments  on  barium  Vofatit  are  collected  in  Table  3.  From  these  data  a  conclusion  can 
be  drawn  concerning  a  certain  irreversibility  of  the  process  of  ion  exchange  in  alcoholic  solution  (K'g^pti.  —  the 
exchange  constant  for  barium  Vofatit).  An  elucidation  of  these  phenomena  will  be  given  below. 
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TABLE  2 


Ion  Exchange  of  Barium  and  Sodium  on  Vofatit  C  in  Alcohol -Aqueous  Solutions 


Expt.  1 

Volume  ratio  of 

Ilonic  concentration  in  solution 

Ionic  concentration  in  absorbent 

No.  i 

discharge  solu- 

I  (m  equiv/g) 

(m  equiv/g) 

^exptl. 

1 

tions  (VBa:VNa)  ! 

1  CBa  1  CNa 

GBa  1  Gjsia 

15.5^0  Ethyl  Alcohol 


1 

2 

1  :  3 

0.01673 

0.07495 

3 

4 

1  :  5 

i 

0.01123 

0.08338 

5 

6  1 

j 

j  1  ••  10 

0.06105 

0.09087 

30^0 

7 

8 

]  '=3 

0.01718 

0.07440 

1 

9 

i  1:5 

0.01130 

0.08321 

bCPio 

10 

11 

1  :  3 

0.01671  1 

! 

0.07443 

12 

13 

1  :  5 

1 

0.01170 

0.08420 

14  j 

15  ! 

1  :  10 

0.00638  i 

i  0.09022 

i 

11<^0 

16  1 
17 

1  :  3 

0.01774 

0.07317 

18 

19  1 

1 ;  5 

j 

0.01137  j 

1 

0,08214 

20 

21 

1  :  10 

i 

0.00656  1 

0.08929 

1 

2.78 

0.262 

3.41 

2.79 

0.270 

3.37 

1 

2.68 

0.384 

3.36 

1 

1 

2.69 

0.376 

3.36 

j 

r 

1 

2.48 

0.549 

3.33 

1 

1 

2.44 

0.561 

3.25 

Average  .  . 

.  ..  3,37+0.06 

Ethyl  Alcohol 

< 

r, 

2.78 

0.298 

3.01 

\ 

L 

2.74 

0.293 

3.04 

2.63 

0.442 

i 

2.87 

1 

Average  .  . 

.  ..  2.97+0.07 

Eth 

yl  Alcohol 

1 

{ 

2.69 

0.367 

2.57 

1 

[ 

2.68 

0.372 

2.54 

J 

r 

1 

2.59 

0.479 

2.62 

i 

f 

2.39 

0.477  j 

2.62 

r 

2.36 

0.646 

2.68 

i 

) 

2.37 

I  0.641  ' 

'  2.69 

Average  .  . 

.  .  .  2.62  +  0.04 

Ethyl  Alcohol 

r 

2.60 

0.419  1 

2.11 

i 

2.62 

0.411  1 

2.16 

( 

2.48 

0.605 

2.01 

1 

2.42 

1 

0.614 

1.95 

1 

2.23 

0.840 

1.97 

] 

1 

2.24 

0.830 

1.99 

Average  .  . 

.  .  .  2.03+  0  07 

b)  Ion  exchange  of  sodium  and  ammonium  in  acetone -water  solutions.  In  this  part  of  the  work,  the  cationic 
exchange  equilibrium  in  acetone -water  solutions  was  studied.  The  exchange  constant  was  calculated  from  the 
equation 


%a 

GNH4CNa 


(2) 


The  method  of  operation  was  analogous  to  the  preceding.  A  sample  of  domestic  sulfo -cationite  SBS  was  used 
as  the  cationite.  Into  the  column  was  placed  1  g  of  SBS  resin,  which  was  saturated  with  ammonium  ion,  and  through 
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Ion  Exchange  of  Barium  and  Sodium  on  Barium  Vofatit  in  Aqueous  and  Alcohol -Water  Solutions 


Expt. 

No. 

Per  cent 

alcohol 

content 

Volume  ratio  of 

discharged  solu- 

1 

^  exptl. 

^exptl. 

AK 

CBa 

^Na 

Gfia 

WKEm 

1 

0 

1  :  10 

0.006117 

0.09032  \ 

2.58 

0.519 

3.59 

3.62 

2 

C 

2.57 

■nn 

3 

15.5 

1  :  10 

2.56 

3.68 

3.37 

4 

2.56 

5 

1  :  3 

2.79 

0.293 

2.97 

6 

1  :  10 

■imii 

2.57 

0.558 

3.25 

2.62 

7 

71 

1  :  10 

2.57 

0.661 

2.76 

TABLE  4 


Ionic  Exchange  of  Sodium  and  Ammonium  in  Aqueous  Solutions 


Expt. 

^  Ionic  concentration  in  solution 

Ionic  concentration  in  absorbent 

No. 

discharged  solu- 

'  (m  equiv/g) 

(m  equiv/g) 

^expti. 

tions  (VNaJVNHJ 

!  CNa  1  Cnh. 

_ 9m _ J _ _  ^nh4. _ 

1 

2 

3 

4 

5 

6 


7 

8 

9 

10 


NH4  -Cationite 


(■ 

0.408 

1.99 

1  :  3 

0.02506 

0.07489  ) 

L 

0.413 

2:00 

( 

0.839 

1.49 

1  :  1 

0.04996 

0.04953  j 

0.839 

1.49 

1.46 

0.908 

3  :  1 

0.07435 

0.02491  i 

f 

1.46 

0.91 

Na -Cationite 


I 


r 

0.410 

1.99 

1  ;  3 

0.02500 

0.07573  < 

0.411 

1,99 

\ 

0.830 

1.49 

1  :  1 

0.05014 

0.05054  ) 

0.833 

1.49 

0.612 

0.616 

0.558 

0.553 

0.538 

0.539 


0.623 

0.623 

0.561 

0.564 


which  was  passed  a  mixture  of  sodium  chloride  and  ammonium  chloride  solutions,  taken  in  different  ratios  (1:3, 

3:1,  and  1:1).  The  ionic  strength  was  kept  constant  and  equal  to  0.1.  The  solutions  were  passed  through  die  column 
at  a  rate  of  1  ml/min  until’ equilibrium  was  established.  After  washing  with  aqueous  solution,  the  absorbed  ions  re¬ 
tained  in  the  column  were  displaced  by  0. 1  N 
hydrochloric  acid.  In  the  filtrate  ammonia  was 
determined  by  distillation,  sodium  —  by  a  gravi¬ 
metric  method  using  zhc  uranylacetate.  The 
results  of  the  experiments  on  the  ion:  exchange 
of  sodium  and  ammonium  in  aqueous  solutions 
are  presented  in  Table  4. 

The  results  of  Table  4  indicate  a  regular 
"rate"  of  the  exchange  constant  for  a  change  of 
the  solution  composition.  This  phenomenon  was 
observed  in  a  series  of  cases  of  ion  exchange  on 
resins  [6]  and,  apparently,  may  be  explained  by 
the  change  of  the  activity  coefficients  of  the 
ions  in  the  solid  phase.  The  process  of  cation 
exchange  of  sodium  and  ammonium  in  aqueous 
media  seems  to  be  reversible,  which  can  be 
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Fig.  3.  Relationship  of  the  experimental  ionic  exchange  const¬ 
ant  for  ammonium  and  sodium  to  die  percent  content  of  acetone 
in  the  solutions. 


TABLE  5 


Ion  Exchange  of  Sodium  and  Ammonium  in  Acetone -Water  Solutions  with  Cationite  SBS 


Expt 

Volume  ratio  of  i 

1  Ionic  concentration  in  solution 

Ionic  concentration  in  absorbent 

No. 

discharged  solu- 

1  (m  equiv/g) 

(m  equiv/g) 

Kexptl. 

tion  (VNa-VNH4) 

CNa 

cnh* 

GNa  Gnh^ 

Vflo  Acetone 


1  :  3 

0.02503 

0.07494  ^ 

0.484 

0.492 

1.864 

1.872 

1  :  1 

0.04997 

0.04998  j 

1.014 

1.001 

1.369 

1.362 

3  ;  1 

0.07509 

0.02499  1 

1.586 

1.575 

0.761 

0.766 

40“7o  Acetone 


7 

8 

1  :  3 

0.02540 

0.07492 

1 

0.570 

0.559 

1.860 

1.849 

9 

10 

1  :  1 

0.05171 

0.05008 

i 

1.120 

1.119 

1.291 

1.285 

11 

12 

3  :  1 

0.07155 

0.02407 

1 

V. 

1.720 

1.730 

0.718 

0.718 

SOPio  Acetone 

13 

14 

1  :  3 

0.02531 

0.07637 

( 

0.616 

0.614 

1.744 

1.733 

15 

16 

1:  1 

0.05062 

0.04982 

t 

1.194 

1.214 

1.185 

1.190 

17 

18 

3  :  1 

0.07318 

0.02454 

f 

1.761 

1.762 

0.605 

0.610 

0.774 

0.790 

0.733 

0.738 

0.694 

0.682 


0.904 

0.892 

0.843 

0.846 

0.801 

0.800 


1.070 

1.070 

0.991 

1.000 

0.975 

0.970 


80^/0  Acetone 


19 

20 

1  ; 

:  3 

0.02495 

0.07491 

0.827 

0.824 

1.038 

1.651 

1.517 

1.499 

21 

22 

1  : 

1 

i 

;  1 

0.04997 

0.04960  1 

1.419 

1.394 

1.010 

1.015 

1.388 

1.363 

23 

24 

3  :  1 

0.07440 

0.02480  [ 

1.940 

1.932 

0.505 

0.510 

1.275 

1.263 

TABLE  6 

ion  Exchange  of  Sodium  and  Ammonium  on  the  Sodium  Form  of  Cationite  SBS  in  40^o  Acetone 


Expt. 

No. 


Volume  ratio  of 

discharged  solu- 
;  tion  (VNa-VNH^) 


1  :  3 


3  ;  1 


Ionic  concentration  in  solution 
(m  equiv/ 


CNa 


//g) 


0.02513 

0.07484 


iNH* 


0.07504 


0.02505 


Ionic  concentration  in  absorbent 
(m  equiv/g) 

IQUI 

!  <%a 

wtmm 

1 

0.552 

1.835 

0.899 

0.552 

1.830 

0.900 

1.710 

0.724 

0.790 

1.714 

0.719 

0.797  1 

Kexptl.* 


0.898 


0.800 


*  Kgxptl.  ”tiie  ion  exchange  constant  of  sodium  and  ammonium  on  ammonium  resin. 
K’exptl  “the  ion  exchange  constant  of  sodium  and  ammonium  on  sodium  resin. 


seen  from  the  results  of  Table  4,  comparing  the  exchange  constants  for  ammonium  and  sodium  resins  with  similar 
ratios  of  ionic  concentrations  of  sodium  and  ammonium  in  solution. 

In  the  acetone -water  solutions  the  experiments  were  carried  out  with  the  same  ionic  ratios  and  the  same  ionic 
strength  as  were  used  in  the  aqueous  solutions.  The  concentrations  of  acetone  in  the  solutions  amounted  to  20,  40, 

60,  80  weight  per  cent.  Results  of  the  experiments  on  ion  exchange  of  ammonium  and  sodium  in  different  acetone - 
water  solutions  ate  presented  in  Table  5,  which  shows  that  for  all  acetone-water  solutions,  as  also  for  the  aqueous 
solutions,  a  "rate”  exchange  constant  for  change  of  the  concentration  ratios  of  ammonium  and  sodium  in  solution 
is  observed.  If  one  compares  the  magnitudes  of  the  exchange  constants  in  different  acetone -water  solutions  (Fig. 

3)  then  it  can  be  seen  that  for  increases  of  the  acetone  content  in  solution  the  exchange  constant  increases. 

As  seen  from  the  data  of  Table  5, 
subsequent  addition  of  acetone  promotes  the 
absorption  of  sodium  ion  and  decreases  the 
absorption  of  ammonium  ion. 

In  order  to  elucidate  the  reversibility 
of  the  exchange  process  in  acetone -water 
medium,  experiments  were  made  using  the 
sodium  form  of  SBS  Resin  in  a  AQPjo  solution 
of  acetone.  Results  of  these  experiments 
are  presented  in  Table  6. 

A  direct  comparison  of  the  exchange 
constant  with  the  reverse  reaction  shows  that 
the  ion  exchange  process  of  sodium  and 
ammonium  in  acetone  -water  solutions  ap¬ 
pears  to  be  completely  reversible. 

2.  Ion  Exchange  in  Wa ter -Or ganic 
Solutions  Under  Dynamic  Conditions 

Study  of  the  cation  exchange  in  acetone - 
water  and  alcohol -water  solutions  under  dyn^imic  conditions  v/as  carried  out,  using  the  method  of  discharge  curves. 
The  discharge  curves,  as  is  well-known,  express  the  relationship  of  the  concentration  of  the  discharging  solution 
to  the  volume  (weight)  of  the  liquid  flowing  through  the  column.  The  method  of  discharge  curves  permits  the  de¬ 
termination  of  the  relative  exchange  rate,  the  dynamic  exchange  capacity  and  the  character  of  the  distribution  of 
ions  in  the  column. 

To  obtain  the  discharge  curves,  the  following  experiments  were  planned.  A  weighed  portion  of  cationite 
(5-6  g)  in  the  hydrogen  form  was  placed  in  the  column  and  moistened  with  the  corresponding  solvent.  A  solution 
of  0.05  N  NaCl  was  passed  through  the  column  at  a  constant  rate  (1  ml/min).  The  filtrate  was  collected  in  a 
separate  flask.  The  total  fraction  of  the  filtrate  amounted  to  20-25  g.  In  each  fraction  the  concentration  of  the 
displaced  ions  was  determined. 

The  results  obtained  are  represented  in  Fig  4  in  the  form  of  discharge  curves,  expressing  the  relation  of  the 
hydrogen  ion  concentration  in  the  displacing  solution  to  the  amount  of  filtrate  in  grams. 

Comparing  the  discharge  curves  for  different  acetone -water  solutions,  it  is  possible  to  point  out  that  the  rate 
of  ion  exchange  of  hydrogen  ions  by  sodium  ions  increases  with  increase  of  the  per  cent  content  of  acetone  in  the 
solution.  In  the  aqueous  solutions  the  discharge  curves  have  a  more  sloping  character  than  in  the  mixed  solutions, 
i.e.,  the  exchange  equilibrium  is  established  more  rapidly  in  the  acetone -water  solutions  than  in  the  aqueous  solu¬ 
tions.  The  length  of  the  horizontal  part  of  the  curve,  corresponding  to  a  constant  concentration  of  hydrogen  ions 
(until  passage  of  sodium  ion),  increases  with  an  increase  of  the  acetone  concentration  in  the  solution.  Consequently, 
in  the  acetone -water  solutions  the  exchange  proceeds  more  rapidly  than  in  aqueous  solutions;  and  for  the  same  rate 
of  filtration,  for  the  acetone  -water  solutions  the  filtrate  may  be  recovered  more  completely  than  for  the  aqueous 
solutions. 

For  elucidating  the  nature  of  the  changes  of  the  discharge  curves  with  subsequent  replacement  of  water  in  the 
mixed  solvent  by  acetone,  the  effect  of  the  solvents  on  the  swelling  of  the  SBS  cationite  was  investigated.  Increase 
of  swelling  should  promote  the  progress  of  the  ions  into  the  absorbent  and,  consequently,  should  increase  the  exchange 
rate.  The  magnitude  of  swelling  of  cationite  SBS  was  determined  by  a  comparison  of  the  volume  or  weight  of  sblu- 


Fig,  4.  Discharge  curves  of  the  exchange  of  hydrogen  ion  for  sod¬ 
ium  in  cationite  SBS  in  different  acetone  -water  solutions.  Acetone 
(in°lo)i  1)  0;  2)  20;  3)  40;  4)  60. 
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TABLE  7 


TABLE  8 


Relation  of  Swelling  of  Cationite  SBS  to  the  Concentra-  Relation  of  Swelling  of  Cationite  SBS  to  the  Concentra¬ 
tion  of  Acetone  tlon  of  Alcohol 


Percent  content  of  acetone 

Quantity  (in  g)  of  absorbed 
solution  per  1  g  of  resin 

Percent  content  of  alcohol 

Quantity  (in  g)  o 
bed  solution  per 

0 

1.60 

0 

0.667 

20 

1.74 

28 

0.824 

40 

1.84 

60 

0.995 

60 

1.94 

80 

1.092 

80 

2.06 

> 

3 

S  oatso 


+ 

X 

Kj 


o  too  000  SOO  400  SDO 

WT.  OF  Filtrate 

Fig.  5.  Discharge  curves  of  hydrogen  ion  exchange  for  sodium  ion 
in  cationite  SBS  in  different  alcohol -water  solutions.  Alcohol  (%): 
1)  0;  2)  28;  3)  60;  4)  80. 


tion  before  and  after  swelling  Results  of  swell¬ 
ing  of  the  hydrogen  form  of  cationite  SBS  in 
relation  to  the  concentration  of  acetone  are 
represented  in  Table  7.  From  the  data  of 
Table  7  it  is  seen  that  the  swelling  of  the  SBS 
resin  increases  linearly  with  increase  of  the 
acetone  concentration. 

The  discharge  curve  for  hydrogen  ions 
in  alcohol -water  solution*  was  obtained  under 
conditions  analogous  to  that  for  acetone -water 
medium  (Fig.  5).  From  Fig.  5  it  follows  that, 
the  greater  the  concentration  of  alcohol  in  the 
solution,  tlie  later  the  passage  of  the  absorbed 
ion  (sodium)  occurs,  i.e.,  the  longer  the  hori¬ 
zontal  part  of  the  line,  and  the  steeper  the 
discharge  curves.  Similarly,  acetone -water 
solutions,  to  the  extent  of  the  increase  of  the 
alcohol  concentration  in  mixed  solvent,  in¬ 
crease  the  rate  of  ion  exchange. 


In  direct  relation  to  the  increase  of  the  rate  of  exchange  in  alcohol-water  solutions  is  the  increase  of  swell¬ 
ing  capacity  of  the  SBS  resin  in  mixed  solutions,  with  an  increase  of  alcohol  concentration.  Results  of  the  swell¬ 
ing  of  the  hydrogen  form  of  the  SBS  resin  in  alcohol -water  solutions  of  0.05  N  sodium  chloride  are  presented  in 
Table  8. 

DISCUSSION  OF  RESULTS 

Results  of  the  experiments  on  the  ion  exchange  of  barium  and  sodium  in  alcohol -water  solutions  on  Vofatit  C 
(Fig.  2)  showed  that,  on  replacement  of  water  in  the  mixed  solvent  by  alcohol,  the  exchange  constant  calculated 
from  the  Nikolsky  Equation  decreased  with  an  increase  of  the  alcohol  content.  In  order  to  account  for  this  fact, 
it  is  simple  to  assume  that  die  change  depends  on  the  change  of  the  activity  coefficients  of  the  ions  in  the  solu  ¬ 
tion,  with  an  increase  of  the  alcohol  content.  For  verification  of  this  assumption  it  is  necessary  to  calculate  the 
actual  exchange  constant,  i.e.,  the  value  of  die  constant,  expressed  by  the  activity  of  the  ions.  Results  of  such  a 
calculation  are  presented  in  Table  9.  The  ionic  activity  coefficients  of  barium  and  sodium  in  alcohol -water  solu¬ 
tions  were  calculated  from  the  Vinogradov  [7]**  nomogram,  based  on  the  use  of  the  first  approximation  of  the 
Debye  and  Huckel  equation. 

The  actual  exchange  constant  was  calculated  from  the  equation 


•  In  these  experiments,  S.  B.  Evinlna  participated. 

•*  Calculation  of  the  activity  coefficient  values  seems  to  be  an  approximation,  since  on  the  nomogram  the  indivi¬ 
dualities  of  the  single  ions  were  not  studied,  but,  in  spite  of  the  inaccuracy  of  the  absolute  values  of  the  activity 
coefficients,  the  character  of  their  changes  with  decrease  of  the  dielectric  constant  of  the  media  corresjionds  to 
reality. 


Experimental  and  Actual  Values  of  the  Exchange  Constant  Experimental  and  Actual  Values  of  the  Exchange  Con¬ 
fer  Different  Alcohol -Water  Solutions  slant  for  Different  Acetone -Water  Solutions 


Percent 

alcohol 

content 

^Ba 

1 

TNa 

*^exptl. 

^actual 

Percent 

acetone 

content 

"  •  - . -  ’  —  ~ 

TNa 

^exptl. 

^actual 

0 

0.240 

0.705 

3.62 

5.20 

0 

0.82 

0.75 

0.61 

0.56 

15.5 

0.178 

0.649 

3.38 

5.21 

20 

0.80 

0.68 

0.78 

0.66 

30.0 

0.100 

0.574 

2.97 

5.39 

40 

0.75 

0.60 

0.90 

0.73 

50.0 

0.055 

0.490 

2.60 

5.37 

60 

0.66 

0.47 

1.07 

0.76 

71.0 

0.020 

0.373 

2.03 

5.36 

Average 

5.31+  0.08 

^actual  ~  ^exptl.  ^ 

Results  in  Table  9  show  that  the  decrease  of  tlie  experimental  exchange  constant  with  increase  of  the  alcohol 
concenoation  in  the  solution  may  be  accounted  for  by  the  change  of  the  relation  of  the  activity  coefficients  of 
the  barium  and  sodium  ions  in  the  alcohol-water  solutions.  The  stability  of  the  actual  exchange  constant  In  the 
water  and  alcoliol -water  solutions  may  be  used  for  determining  the  ratio  of  the  activity  coefficients 


1/z,  1/Zg 


M, 


To  account  for  the  anomalous  behavior  of  barium  Vofatit  (Table  3),  it  is  interesting  to  follow  the  relation  of 
the  absorption  capacity  of  sodium  and  barium  to  the  concentration  of  alcohol  in  the  solution.  This  relationship  is 
represented  graphically  in  Fig,  6,  constructed  from  the  data  of  Tables  1  and  2. 

From  Fig.  6  it  is  seen  that  for  sodium  Vofatit  (continuous  curve),  with  an  increase  of  the  quantity  of  alcohol, 
Gfja  increases,  but  Gg^  decreases.  For  barium  Vofatit  (dotted  curve)  something  peculiar  takes  place,  explained 
apparently,  by  die  irreversibility  of  the  exchange  process  in  alcohol -water  solutions.  The  entering  of  barium  ion 
into  the  barium  Vofatit  does  not  depend  on  the  alcohol  concentration,  but  remains  equal  to  the  magnitude  of  Gga 


for  the  aqueous  solution.  Such  a  result  was  obtained  for  all 


Fig.  6.  Relation  of  Gjsj^  and  Gg^  to  the  per  cent  content 
of  alcohol  for  sodium  and  barium  Vofatit.  I)  Gg^  = 
CiHgOH):  II)  GNa  =  Hlo  CjHgOH).  1)  Cfea  =  0.0175;  2) 
Cga  =  0.0120;  3)  Csa  =  0.0016;  4)  CNa  =  0.090;  5)  CNa  = 
=  0.083;  6)  CMa-  0.075. 


concentrations  studied. 

The  experimental  results  obtained  in  the  acet¬ 
one-water  solutions  (Tables  4,  5,  6  and  Fig.  3)  showed 
that,  for  an  increase  of  the  acetone  concentration,  the 
value  of  the  exchange  constant  calculated  from  Equa¬ 
tion  (2)  increased,  since  foi  an  increase  of  the  per  cent 
of  acetone  in  the  solution,  the  quantity  of  absorbed 
sodium  ion  increases  and  the  quantity  of  absorbed  am¬ 
monium  ion  decreases  On  the  pait  of  the  curve  (Fig.  3) 
up  to  an  acetone  content  equal  to  60^o,  Kg^ptl.  depends 
linearly  on  the  acetone  concentration.  For  concentra¬ 
tions  of  acetone  exceeding  Q(fJo  the  curve  rises  sharply. 
To  account  for  variance  of  the  exchange  constant  with 
an  increase  of  the  acetone  concentration,  the  "actual" 
exchange  constant  expressed  by  the  activity  of  the  am¬ 
monium  and  sodium  ions  in  the  mixed  solutions  was 
calculated,  just  as  for  the  alcohol  Avater  solutions.  The 
activity  coefficients  in  the  acetone  -water  solutions 
were  evaluated  from  the  Vinogradov  [7]  nomogram 
Results  of  the  calculation  of  the  "actual"  exchange  con¬ 
stants  are  presented  in  Table  10'.*  The  calculation  is 
of  an  extremely  approximate  character. 


•  Kgjjpjj  was  given  for  a  concentration  ratio  of  sodium 
and  ammonium  ions  in  solution, equal  to  1:3. 


However,  a  comparison  of  the  experimental  and  "actual"  constants  showed  that  the  "actual"  exchange  con¬ 
stant  has  a  smaller  rate  than  does  the  experimental  constant  during  transition  from  aqueous  to  acetone -water  solu¬ 
tions. 

The  experimental  material  on  cation  exchange  in  water-organic  solutions,  under  dynamic  conditions,  leads 
to  the  conclusion  that  the  rate  of  the  process  increases  substantially  with  an  increase^  of  the  concentration  of  the 
organic  component  in  solution.  If  one  compares  the  discharge  curves  for  different  acetone -water  and  alcohol -water 
solutions  (Figs,  4  and  5),  it  is  easy  to  see  that  the  initial  sloping  of  the  curves  from  the  horizontal,  corresponding  to 
die  moment  of  appearance  of  sodium  ion  in  the  filtrate  (passage),*  occurs  earlier  in  the  aqueous  solutions  and  later 
in  the  solutions  having  the  largest  content  of  organic  component.  The  effect  of  the  organic  component  on  the  kinet¬ 
ics  of  the  ion  exchange  processes  is  found  to  be  in  direct  relation  to  the  change  of  the  swelling  capacity  of  the  ab¬ 
sorbent. 

The  results  may  be  of  essential  practical  value  for  selection  of  the  most  favorable  conditions  of  separating 
and  concentrating  cations  with  the  help  of  ion  exchange  under  dynamic  conditions. 

The  audiors  ate  deeply  grateful  to  Professor  B.  P.  Nikolsky  for  valuable  direction  during  performance  of  this 

work. 


SUMMARY 

1.  The  process  of  ion  exchange  in  alcohol-water  and  acetone -water  solutions  was  studied. 

The  applicability  of  the  Nikolsky  isotherm  equation  to  the  exchange  process  in  water -organic  solutions  was 

shown. 


2.  The  relationship  of  the  cations  entering  the  absorbent  to  the  quantity  of  organic  component  in  solution 
was  studied.  An  increase  of  the  alcohol  content  facilitated  the  absorption  of  sodium  ion  and  hindered  the  absorp¬ 
tion  of  barium  ion  by  Vofatit  C.  Increase  of  the  acetone  content  promoted  the  absorption  of  the  sodium  ion  and 
decreased  the  absorption  of  the  ammonium  ion  by  SBS  resin. 

3.  The  process  of  ion  exchange  was  investigated  under  dynamic  conditions  in  aqueous  and  water -organic 
solutions.  It  was  shown  that  in  water -organic  medium  the  exchange  process  proceeds  with  a  greater  rate  than  in 
water,  in  which  the  rate  increased  with  increase  of  the  content  of  organic  substance  in  solution. 

4.  The  swelling  capacity  of  cationite  SBS  in  relation  to  tire  composition  of  the  solution  was  determined.  It 
showed  that  swelling  increased  linearly  with  an  increase  of  tire  content  of  organic  component  in  solution  (acetone 
or  alcohol). 
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Appearance  of  sodium  ion  in  the  filtrate  was  controlled  by  qualitative  test. 


HETEROTRIACIDS 


I.  phosphomolybdenovanadic  and  phosphotungstovanadic  acids 

A.  I.  Kokorin 


A  comparatively  large  number  of  investigations  have  been  devoted  to  the  synthesis  of  heteropolydiacids  and 
their  derivatives.  The  work  of  Nikitina  and  co-workers  [1]  on  the  synthesis  of  phosphomolybdic,  phosphomngstic, 
silicomolybdic  and  silicotungstic  acids,  by  the  ester  method,  has  been  particularly  fruitful.  On  the  subject  of  separ¬ 
ating  the  heterotriacids  quantitatively  in  the  free  state,  the  work  published  in  the  literature  is  extremely  limited.  The 
work  of  Ivanov -Emin  [2]  on  the  synthesis  of  germanicmolybdenovanadic  acid,  also  by  the  ester  method,  is  of  great 
interest  in  this  respect.  For  the  sake  of  brevity,  we  call  the  heteropolytriacids,  "heterotriacids". 

A  considerably  larger  number  of  papers  has  been  published  on  the  synthesis  of  heterotriacid  sals  salts  by  the 
crystallization  method;  however,  isolation  of  the  acids  in  the  free  state  by  this  method  involves  considerable 
technical  difficulties  and  the  expenditure  of  large  quantities  of  reactants. 

Davidov  and  Vaisberg  very  effectively  applied  the  formation  in  solution  of  the  phosphotungstovanadic  comple)| 
to  the  photocolorimetric  determination  of  vanadium  [4].  One  of  the  phosphorous  determinations  also  is  based  on  a 
reaction  forming  the  phosphomolybdenovanadic  complex  [5], 

Some  of  the  heterotriacids  forming  in  solution  are  used  as  analytical  reagents,  for  example  for  determining 
antimony  and  thallium  phosphotungstomolybdic  reagent  is  used  [6],  However,  the  use  of  reagents  which  are 
mixtures  of  the  complex  compounds  forming  in  solution  in  indefinite  quantity,  with  an  excess  of  the  initial  sub¬ 
stances  and  other  products  of  reaction,  often  does  not  give  reproducible  results  in  quantitative  analysis. 

Consequently,  the  separation  of  the  heterotriacids  in  the  free  state,  and  a  study  of  their  properties  is  of  de¬ 
finite  interest. 

In  the  present  report  we  present  results  of  the  synthesis,  by  the  ester  method,  of  phosphomolybdenovanadic 
and  phosphotungstovanadic  acids,  and  determinations  of  their  compositions  in  the  free  sute. 

Phosphomolybdenovanadic  Acid 

Synthesis.  In  order  to  obtain  tiiis  acid  in  the  free  state,  we  first*  used  a  method  proposed  by  Nikitina  for 
synthesis  of  phosphomolybdic  acid  [1].  As  shown  by  further  investigations,  the  phosphomolybdenovanadic  acid  pre¬ 
cipitating  in  the  free  state  (under  the  conditions  of  synthesis  of  phosphomolybdic  acid)  belongs  to  the  class  of  un¬ 
saturated  compounds  having  a  variable  composition. 

The  starting  materials  used  in  the  synthesis  of  phosphomolybdenovanadic  acid,  in  the  method  that  we  pro¬ 
posed,  are  sodium  vanadate,  phosphoric  acid  and  molybdic  acid.  The  quantity  of  starting  materials  was  calcula¬ 
ted  from  the  probable  formula  —  Ht[P(Mo207)5V205].  The  phosphoric  and  molybdic  acids  were  used  in  stoichio¬ 
metric  proportions,  and  the  quantity  of  sodium  vanadate  used  was  in  2  and  3-fold  excess. 

7.5  g  of  sodium  vanadate.  1.2  ml  of  phosphoric  acid  1.44)  and  18.5  g  of  crystalline  molybdic  acid  were 
placed  in  200  ml  of  water  in  a  flask  with  a  ground-in  reflux  condenser  .and  boiled  for  a  period  of  2  hours;  thus, 
during  15  minutes  boiling,  the  molybdic  acid  completely  dissolved,  and  the  solution  acquired  a  cherry  color,  the 
intensity  of  which  was  increased  by  boiling.  After  cooling,  the  solution  was  transferred  to  a  separatory  funnel,  50 
ml  of  ether  was  added,  the  solutions  were  carefully  mixed,  and  then  45  ml  of  concentrated  HCl  was  introduced 
gradually;  a  heavy,  oily  liquid  began  to  form  —  the  ester  of  the  heterotriacid.  The  concentration  of  acid  at  the 
beginning  of  formation  of  the  ester  was  equal  to  1.7  N.  Further  formation  of  ester  ceased  after  introduction  of 
110  ml  of  HCl.  i.e.,  after  the  acid  concentration  was  3.3  N.  The  ester  had  a  dark  cherry  color;  the  aqueous  layer 
was  colored  a  pale  yellow,  and  tlie  upper  ether  layer  —  an  orange  color.  After  settling,  the  ester  layer  was  trans¬ 
ferred  to  another  separatory  funnel  for  washing,  into  which  first  were  introduced  200  ml  of  water.  110  ml  of  hydro¬ 
chloric  acid  and  several  milliliters  of  ether.  After  mixing  and  subsequent  settling,  the  ester  was  transferred  to  a 
small  crystallizer,  and  a  small  portion  of  water  was  added,  with  stirring,  until  the  ester  was  completely  decomposed 
and  the  ether  was  removed  (until  cessation  of  effervescing).  The  crystallization  l^egan  at  room  temperature  and 

•  K.  A.Desyatnik  participated  in  the  work. 
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continued  through  several  hours  (if  little  water  was  added).  The  crystals  were  ruby-red  and  had  clearly  expressed 
boundaries.  In  order  to  separate  the  crystals,  filtration  was  carried  out,  under  low  vacuum,  using  a  glass  funnel  with 
quartz  plate  No.  1.  The  yield  was  about  80^o  of  the  theoretical.  During  storage;  in  a  dark  bottle,  the  product  was 
stable  for  a  period  of  many  months. 

Analysis.  Determinations  of  the  water  of  crystallization  were  carried  out  by  drying  in  a  drying  chamber  at 
a  temperature  of  105*,  and  by  the  hydride  method.  The  quantity  of  water  of  crystallization  depends  on  the  condi¬ 
tions  of  crystallization  and  does  not  appear  to  be  constant  in  the  individual  syntheses;  it  fluctuated  from  15  to  22P/o. 

In  order  to  determine  phosphorus,  molybdenum  and  vanadium,  we  were  successful  in  finding  a  reliable  and 
rapid  metiiod  of  analysis,  which  is  described  below.  As  our  investigations  showed,  the  cationite  —  espatite-l  quan¬ 
titatively  sorbs  molybdenum,  tungsten  and  vanadium  even  at  relatively  high  acidity,  if  the  heterotriacid  is  first 
decomposed  and  the  elements  obtained  are  reduced  to  their  lowest  valence.  Determination  of  phosphorus  is  easily 
carried  out  on  the  solution  after  separating  molybdenum  and  vanadium.  Determination  of  molybdenum  and  vanad¬ 
ium  was  carried  out  on  a  separate  portion  of  a  solution  of  the  heterotriacid  after  decomposition  of  its  complex 
anion  and  reduction  by  zinc  amalgam.  The  absorption  was  carried  out  in  a  tube.  1.5  cm  in  diameter  and  70  cm 
long,  having  a  glass  stopcock,  with  a  column  height  of  espatite  of  65  cm. 

A  weighed  portion  of  about  0.7  g  of  the  sample  to  be  analyzed  was  dissolved  in  a  measuring  flask  of  50  ml 
capacity,  from  which  5  ml  of  sblution  was  taken  for  determination  of  phosphorus,  and  the  complex  anion  was  dei^ 
composed  with  5  ml  of  H2SO4  (1:1)  by  boiling  for  a  period  of  1-2  minutes.  The  solution,  after  boiling  and  cooling, 
had  only  a  yellow  tint.  After  decomposing  the  complex  of  the  solution  in  question,  it  was  transferred  to  a  funnel 
artangement  for  reduction,  for  which  5  ml  of  water  and  4-5  ml  of  3^o  zinc  amalgam  were  introduced  [7],  then  a 
current  of  carbon  dioxide  was  passed  through  the  upper  stopcock  through  the  semiclosed  plug  —  until  the  air  was 
displaced  from  the  separatory  funnel  and  then  the  plug  was  closed  and  the  separatory  funnel  was  shaken  for  several 
minutes.  The  shaking  was  carried  to  the  point  at  which  the  solution  acquired  a  dark  green  color  (the  color  of  a 
solution  of  trivalent  molybdenum).  The  solution,  diluted  to  100  ml  was  passed  through  cationite  at  a  rate  of  6-7 
ml  pei  minute,  and  the  filtrate  was  collected  in  a  250  ml  measuring  flask.  After  discharge  of  the  solution,  the  ca¬ 
tionite  was  washed  with  water  until  the  measuring  flask  was  filled  to  the  mark. 

To  25  ml  of  the  filtrate  in  order  to  determine  phosphorus,  1  ml  of  H2SO4  (1:1)  and  2  ml  of  concentrated  HNOj 
were  added  and  the  solution  was  concentrated  until  vapors  of  sulfuric  acid  appeared,  for  the  purpose  of  decomposi¬ 
tion  of  the  organic  substance,  recovered  from  die  espatite,  which  interferes  with  the  determination  of  phosphorus. 
Riosphorus  was  determined  photocolorimetrically  by  the  method  of  A.  Ya.  Bursuk  [8]  in  the  form  of  the  phosphomolybdo 
complex,  with  subsequent  reduction  of  the  iron  salts  in  the  presence  of  sodium  sulfite.  For  determination  of  the  sum 
of  molybdenum  and  vanadium,  a  reduction  analogous  to  that  described  for  the  determinationof  phosphorus  was 
carried  out  using  zinc  amalgam.  Later  the  zinc  amalgam  was  transferred  to  a  vessfel,  and  10  ml  of  hot  lO^/o  solu¬ 
tion  of  ammonium  ferric  alum  was  rapidly  introduced  into  the  funnel,  in  order  to  oxidize  the  molybdenum  and 
vanadium.  After  careful  mixing,  5  ml  of  phosphoric  acid  was  added.  The  molybdenum,  therefore,  was  oxidized 
to  ihe  hexavalent.  and  vanadium  to  the  quadrivalent  form.  The  reduced  iron  and  the  vanadium  were  titrated  with 
a  0.05  N  solution  of  potassium  permanganate.  The  number  of  milliliters  of  the  latter  was  equivalent  to  the  total 
contents  of  molybdenum  (III  — ►  vi)  and  vanadium  (IV  — ►  V). 

Determination  of  vanadium  was  carried  out  by  a  further  titration  of  the  solution  with  Mohr’s  salt  in  the  pre¬ 
sence  of  phenylanthranilic  acid  as  indicator. 

Results  of  the  analyses  are  presented  in  Table  1. 


TABLE  1 

Composition  of  the  Phosphomolybdovanadic  Acid  Obtained 


Composition  of  the  complex 


Mo 


2.06 

3.57 

4.08 


21.81 

16.1 

20.0 


From  the  composition  of  the  phosphomolybdovanadic  acid  it  is  possible  to  conclude  that,  under  the  described 
conditions  of  synthesis,  the  VjOg  radical  occupies  one  coordination  site  in  tlie  complex  anion,  and  small  deviations 
from  this  condition  may  be  explained  as  analytical  error.  Therefore,  the  compound  obtained  may  be  expressed  by 
the  formula,  H7[P(Mo20y)5V205]-  nH20,  where  the  number  of  molecules  of  water,  (n),  may  equal  from  15  to  28. 

Phosphotungstovanadic  Acid 

Synthesis.  Preparation  of  this  acid  under  conditions  analogous  to  those  for  production  of  phosphomolybdeno- 
vanadic  acid  did  not  give  positive  results.  This  may  be  explained  by  the  fact  that  in  acid  medium  a  precipitate 
of  tungstic  acid  forms.  The  latter  only  partially  enters  into  reaction  with  the  remaining  starting  material,  and  form¬ 
ing  in  small  quantities,  the  ester  of  the  heterotriacid  seems  to  be  contaminated  to  a  high  degree,  Preliminary  con¬ 
version  of  the  tungstate  to  para -tungstate,  and  use  of  it  for  the  synthesis,  also  did  not  accomplish  the  purpose.  Use  of  the 
quantitative  proportions  of  the  starting  material  cited  by  Gmelin  [9]  for  the  syntliesis  of  the  ammonium  salt  of 
phosphotungstovanadic  acid,  in  preparation  (  ffhe  h'itcrutria  hd.leadstuforir.arionoftreeite)  but  separation  of  the 
crystalline  product  was  not  successful,  since  after  removal  of  ether,  a  viscous,  gummy  mass  forms.  Analysis  of  the 
diied  product  showed  that  a  mixture  of  compounds  of  indefinite  composition  formed.  After  a  series  of  preliminary 
experiments*  on  determination  of  optimal  conditions  of  the  syntliesis  of  phosphotungstovanadic  acid  we  came  to 
the  conclusion  that,  if  one  starts  with  3  times  the  stoichiometric  quantity  of  vanadium  and  if  the  synthesis  is  carried 
out  with  a  large  excess  of  phosphoric  acid,  a  heterotriacid  of  definite  composition  forms, 

.Nine  grams  of  Na2V03  was  dissolved  by  heating  in  100  ml  of  water,  and  simultaneously,  40.6  g  of  Na2W04- 
•  2H2O  was  dissolved  in  150  ml  of  water.  Into  the  latter  solution  were  introduced  60  ml  of  H3PO4  (£1.8)  and  5  ml 
of  H2SO4  (1:1).  The  solutions  obtained  were  heated  to  boiling,  decanted  together  into  a  flask  having  a  reflux  con¬ 
denser,  and  the  boiling  was  extended  for  a  period  of  1  hour.  The  solution  was  dark -red  in  color  After  cooling,  it 
was  transferred  to  a  separatory  funnel,  and  150  ml  of  ether  and,  in  separate  portions  of  50  ml,  a  total  of  300  ml 
H2SO4  (1:1),  were  added.  Washing  of  the  ester  was  accomplished  with  9  N  H2SO4,  saturated  with  ether.  Afterr 
careful  settling,  the  ester  was  transferred  to  a  small  crystallizer,  10  ml  of  water  was  added,  and  the  mixture  was 
carefully  stirred  with  a  glass  stirring  rod  until  the  ether  was  completely  removed.  Crystallization  proceeded  at 
room  temperature.  Dark  red  crystals  formed  and  they  were  separated  from  the  mother  solution  by  filtration  through 
a  porous  funnel.  Phosphotungstovanadic  acid  is  less  stable  than  phosphomolybdenovanadic  acid  During  storage  it 
becomes  difficultly  soluble  in  water  in  the  cold,  but  dissolves  well  on  heating. 

Analysis.  Removal  of  the  water  of  crystallization  from  this  heterotriacid  by  drying  proceeds  considerably 
more  difficultly  than  from  the  phosphomolybdenovanadic  acid,  and  requires  heating  to  190°.  Since  at  such  a  tem- 
peramre  it  may  decompose,  it  is  more  dependable  to  carry  out  the  determination  of  the  water  content  by  the  hydr¬ 
ide  method. 

For  determination  of  phosphorus,  tungsten  and  vandium  a  weighed  portion  of  about  0.7  g  was  dissolved  in  a 
measuring  flask  of  50  ml  capacity.  For  the  phosphorus  determination.  5  ml  of  the  solution  obtained  was  transfened 
to  a  funnel  for  reduction,  for  v\diich  20  ml  of  concentrated  HCl  and  5  ml  3^o  lead  amalgam  were  added,  and  with 
plug  open,  the  funnel  and  contents  were  heated  over  boiling  water.  After  heating  to  60-70°,  carbon  dioxide  was 
passed  through  the  lateral  stopcock,  with  shaking,  until  the  solution  acquired  a  dark  yellowish -green  color.  Tungs¬ 
ten.  thus,  was  reduced  to  the  trivalent,  and  vanadium  to  the  divalent  form.  Later  more  water  was  added,  saturated 
with  carbon  dioxide  to  a  total  volume  of  100  ml,  the  solution  was  stirred,  and  the  lead  amalgam  was  transferred 
to  a  vessel. 

Separation  of  tungsten  and  vanadium  from  phosphorus  by  means  of  espatite,  and  further  determination  of 
phosphorus  in  the  filtrate,  are  carried  out  also,  as  for  analysis  of  phosphomolybdenovanadic  acid. 

In  order  to  determine  the  sum  of  tungsten  and  vanadium,  10  ml  of  the  original  phosphotungstovanadic  acid 
solution  was  placed  in  a  funnel  previously  prepared  for  reduction.  40  ml  of  concentrated  HCl  and  10  ml  of  3f7o  lead 
amalgam  were  added,  and  the  reduction  carried  out.  After  the  reduction,  the  amalgam  was  transferred  to  a  vessel 
and  the  solution  was  treated  with  40  ml  of  0.05  N  solution  of  potassium  dichromate.  Thus,  tungsten  was  oxidized 
to  the  hexavalent  state  and  precipitated  as  tungstic  acid,  and  vanadium  was  oxidized  to  the  quadrivalent  state.  Af¬ 
ter  introduction  of  ~0.2  g  of  potassium  iodide,  the  excess  dichromate  was  titrated  with  a  0.05  N  solution  of  thio¬ 
sulfate,  in  the  presence  of  starch,  to  a  blue -green  color. 

For  determination  of  vanadium  by  the  phenylanthranil  method.  5  ml  of  the  original  phosphotungstovanadic 
acid  solution  was  placed  in  a  conical  flask  of  50  ml  capacity,  and  10  ml  of  a  mixture  consisting  of  sulfuric  acid 


*  With  the  participation  of  Z.  P  Printsman  and  A.  D.  Berezina. 
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(d  1.84),  phosphoric  acid  (d  1.7)  and  water,  taken  in  equal  volumes,  was  added.  Two  ml  of  concentrated  HCI3 
was  added  and  the  mixture  was  evaporated  until  sulfuric  acid  vapors  appeared;  in  this  way  decomposition  of  the 
heterotriacid  proceeded.  Tungsten  was  calculated  quantitatively  by  difference. 

Results  of  the  analysis  are  presented  in  Table  2. 


TABLE  2 

Composition  of  the  Phosphotungstovanadic  Acid  Obtained 


Composition  of  the  complex 


Ratios 

P  :  W  :  V  :  HjO 


Based  on  the  data  obtained,  the  compound  might  be  expressed  by  the  formula:  H7[P(W207)5V205]’ nHjO,  where 
the  number  of  water  molecules,  (n),  may  be  from  27  to  38. 

SUMMARY 

1.  The  optimal  conditions  for  synthesis  of  phosphomolybdenovanadic  and  phosphotungstovanadic  acids  were 
determined,  and  methods  of  analysis  were  developed. 

2.  On  the  basis  of  the  compositions  determined  for  the  heterotriacids,  the  compounds  might  be  expressed 
by  the  formulas:  H7[P(Mo207)^V205]  and  H^CPf  1^207)^1(^205]. 
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HETEROTRIACIDS 


II.  SILICOMOLYBDOVANADIC  ACID 

A.  I.  Kokorin  and  R.  L.  Dimant 


Heterodiacids  having  a  central  atom  of  silicon  have  been  well-known  for  a  relatively  long  time.  Reactions 
forming  the  silicomolybdo  complex,  for  example,  have  attained  widespread  use  in  the  colorimetric  determination 
of  silicon.  Silicomolybdic  and  silicotungstic  acids  have  been  used  successfully  for  separating  and  determining  rubid¬ 
ium  and  cesium,  for  detecting  potassium,  for  precipitating  the  alkaloids,  and  for  a  number  of  other  analytical  pur¬ 
poses. 

The  number  of  works  devoted  to  the  heterottiacids  containing  silicon  is  extremely  limited.  Moreover,  by 
analogy  with  phosphomolybdovanadic  acid  it  is  essential  to  assume  that  silicomolybdovanadic  acid  is  considerably 
more  reactive  than  silicomolybdic  acid. 

The  purpose  of  the  present  work  was  the  determination  of  the  optimal  conditions  of  synthesis  of  silicomolybdo¬ 
vanadic  acid  by  the  ester  method,  establishment  of  the  composition  of  the  synthesized  acid,  and  investigation  of 
some  of  its  properties. 


SYNTHESIS 

For  determining  the  optimal  conditions  of  synthesis,  it  was  necessary  first  of  all,  to  account  for  the  effect  of 
the  starting  materials,  their  quantitative  proportions,  the  acidity  of  the  medium  during  formation  of  the  complex 
anion  and  the  ester,  and  also  the  effect  of  the  order  of  addition  of  the  reagents  used,  and  the  effect  of  the  tempera¬ 
ture  conditions  on  the  yield  of  synthesized  product. 

The  main  difficultly  in  the  synthesis  of  the  present  heterotriacid  appeared  to  be  the  formation,  in  acid  medium, 
of  precipitates  of  silicic  acid,  molybdic  anhydride  and  vanadic  anhydride.  If,  for  the  synthesis  of  phosphomolybdo¬ 
vanadic  acid,  molybdic  and  vanadic  anhydrides  are  used  as  starting  materials,  provided  that  a  considerable  excess 
of  phosphoric  acid  is  used,  the  synthesis  of  silicomolybdovanadic  acid  from  the  anhydrides  gives  no  positive 
results.  The  synthesis  proceeds  very  successfully  when  crystalline  sodium  silicate,  molybdic  acid  and  sodium  meta- 
vanadate  are  used  as  starting  materials.  The  substitution  of  molybdic  acid  for  sodium  molybdate  is  possible  provided 
that  a  suitable  acidity  is  established.  The  substitution  of  the  ortho -vanadate  for  the  meta -vanadate  is  not  desirable. 

During  the  process  of  synthesis,  special  attention  should  be  paid  to  maintenance  of  a  strictly  determined  acid¬ 
ity,  which  in  the  initial  stage  should  be  as  low  as  possible.  When  using  molybdic  acid,  a  supplementary  introduc¬ 
tion  of  another  acid  app>ears  to  be  detrimental.  The  optimal  acidity  for  production  of  the  ester  of  silicomolybdo¬ 
vanadic  acid  corresponds  to  that  of  6  N  sulfuric  acid. 

It  is  necessary  to  use  an  excess  of  vanadate  in  order  to  obtain  the  most  complete  reaction.  However,  an  ex¬ 
cess  that  is  mote  than  2  times  the  stoichiometric  quantity  leads  to  considerable  contamination  of  the  ester  precipi¬ 
tate  by  vanadic  anhydride,  which  complicates  the  op>eration  considerably. 

Calculations  were  made,  proceeding  from  the  proposed  formula,  HgCSlfMogOylsYgOj] •  of  the  synthe¬ 

sized  compound. 

For  best  reaction,  the  sodium  silicate  and  the  sodium  meta -vanadate  should  be  first  dissolved  in  suitable  quan¬ 
tities  of  water.  The  synthesis  proceeds  to  completion  by  boiling  for  a  jjeriod  of  2  hours.  As  a  consequence  of  the 
considerable  instability  of  the  ester  and  the  great  oxidation  capacity  of  the  synthesized  compound,  a  very  careful 
and  relatively  rapid  and  complete  removal  of  ether  is  required.  Crystallization  was  carried  out  from  aqueous  solu¬ 
tion  at  room  temperature,  protecting  the  solution  from  the  entrance  of  dust,  ammonia  vapors,  hydrogen  sulfide  va¬ 
pors,  etc. 

Proceeding  from  the  above  -mentioned  conditions,  apparent  as  a  result  of  the  preliminary  investigation,  the 
procedure  cited  below  is  adopted  for  the  synthesis  of  silicomolybdovanadic  acid. 
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Eleven  grams  of  NaVOj,  first  dissolved  by  heating  in  100  ml  of  water,  and  31  g  of  H2Mo04’  HgO  were  added 
to  5  g  of  Na^SiOj-  OH^O  dissolved  in  125  ml  of  water.  The  mixture  was  placed  in  a  flask  fitted  with  a  ground-in 
reflux  condenser  and  subjected  to  a  2-hour  boiling.  Thus,  after  20  minutes  the  molybdic  acid  was  completely  dis¬ 
solved,  and  the  solution  acquired  an  intense  red  color.  After  cooling,  the  solution  was  transferred  to  a  separatory 
funnel  into  vv^ich  100  ml  of  ether  had  been  previously  introduced.  After  shaking,  a  small  portion  of  H2SO4  (1:1) 
was  added,  with  careful  stirring.  In  case  of  the  formation  of  a  turbid  mixture,  the  stirring  was  continued  until  clar¬ 
ification  of  the  solution  was  complete,  and  only  after  this  were  new  portions  of  sulfuric  acid  added.  The  first  drops 
of  the  heavy,  oily  liquid  —  the  ester  of  the  heterotriacid  —  formed  on  introduction  of  70  ml  of  H2SO4,  which  corres¬ 
ponds  to  4  N  sulfuric  acid.  Formation  of  the  ester  ceased  completely  on  addition  of  115  ml  of  H2SO4,  which  corres¬ 
ponds  to  6  N  acid.  After  a  period  of  several  hours  of  settling,  the  ether  and  water  layers  acquired  a  yellow  color, 
and  the  lower  ester  layer  —  a  red  color.  The  washing  of  the  ester  was  carried  out  in  another  separatory  funnel  using 
6  N  H2SO4,  saturated  with  ether.  After  allowing  it  to  settle  well,  the  lower  layer  was  transferred  to  a  crystallizer, 
small  portions  of  4-5  ml  of  water  were  added,  and  the  ether  was  completely  removed  by  cautious  warming  over  a 
heated  water  bath.  A  high  temperature  often  leads  to  decomposition  of  the  heterotriacid  —  to  formation  of  products 
of  a  black  color.  After  careful  removal  of  the  ether,  the  aqueous  solution  remaining  was  crystallized  at  room  tem¬ 
perature.  Crystallization  was  accomplished  in  3-4  hours.  The  crystals  were  filtered  from  the  mother  solution  through 
a  filter  having  a  porous  quartz  plate,  and  dried  on  a  watch  glass.  The  silicomolybdovanadic  acid,  dried  at  room 
temperature,  consists  of  the  red -colored  crystal  hydrate,  which  it  is  necessary  to  store  in  a  dark  bottle  with  good 
giound -glass  stopper. 


ANALYSIS 

Silicon.  For  determination  of  the  silicon  content,  a  weighed  portion  (about  1  g)  of  the  heterotriacid  was 
placed  in  a  fired  (at  450")  and  weighed  platinum  crucible  and  carefully  heated  in  an  air  bath  in  order  to  remove 
the  larger  part  of  the  water  of  crystallization.  Then,  at  a  higher  temperature  the  water  of  constitution  was  removed, 
after  v^ich  die  crucible  with  residue  was  covered  and  fired  at  450".  The  heterotriacid,  reduced  by  calcination  (the 
residue  turned  green)  was  oxidized  carefully  by  several  drops  of  concentrated  HNO5.  After  removal  of  the  latter, 
a  calcination  to  constant  weight  was  carried  out.  The  oxides  obtained  were  treated  with  2-3  drops  of  H2SO4  (1:2) 
and  5  ml  of  hydrofluoric  acid  before  carefully  heating  until  sulfuric  acid  vapors  appeared,  and  then  were  calcined 
to  a  constant  weight  at  450".  The  treatment  of  the  liquefied  acid  was  repeated  twice.  From  the  decrease  in  weight, 
the  silicon  dioxide  content  was  calculated. 

Determination  of  vanadium  and  molybdenum.  In  a  single  experiment  this  determination  was  carried  out  on 
tile  residue  after  treatment  of  the  molten  acid,  by  dissolving  it  in  concentrated  HCl  and  diluting  it  in  a  volumetric 
flask  Vanadium  was  determined  in  the  presence  of  molybdenum  by  titration  with  permanganate,  after  evaporating 
an  aliquot  portion  with  a  mixture  of  sulfuric  and  phosphoric  acids  and  reducing  the  vanadium  with  hydrochloric  acid, 
in  anorhei  experiment,  after  separating  vanadium  by  means  of  caustic  soda  in  the  presence  of  a  mixture  of  ferrous 
and  ferric  sulfates,  molybdenum  was  determined  as  lead  molybdate.  In  other  experiments  vanadium  was  determined 
by  titration  of  the  pentavalent  vanadium  by  ferrous  sulfate,  in  the  presence  of  sulfuric  and  phosphoric  acids,  by  the 
phenylanthianil  method.  Determination  of  vanadium  by  a  different  method  gave  results  that  agreed  completely. 
Determination  of  molybdenum  by  the  plumbate  method  required  more  time  for  completion  and  was  not  sufficiently 
accuiate. 

As  shown  by  the  investigations  made,  the  determination  of  molybdenum  and  vanadium  in  silicomolybdovanad¬ 
ic  acid  may  be  carried  out  lapidly  and  entirely  satisfactorily  from  a  separate  weighed  portion,  analogous  to  that 
described  for  the  analysis  of  phosphomolybdovanadic  acid. 

A  weighed  poition  of  1  5-2  g  of  the  sample  to  be  analyzed  was  dissolved  in  a  volumetric  flask  of  100  ml 
capacity.  A  tenth  of  the  solution  obtained  was  treated  by  boiling  with  10  ml  of  H2SO4  (1:1),  in  order  to  decom¬ 
pose  the  heterotriacid.  Thus,  the  silicon  in  the  residue  did  not  precipitate,  but  remained  in  the  colloidal  condi¬ 
tion.  The  solution  was  washed  with  10  ml  of  water  into  a  previously  prepared  apparatus  for  reduction,  and  molyb¬ 
denum  and  vanadium  were  reduced  by  zinc  amalgam  in  an  atmosphere  of  carbon  dioxide.  Oxidation  by  ferric 
ammonium  alum,  titration  with  potassium  permanganate,  and  further  titration  with  a  solution  of  Mohr’s  salt  in  the 
presence  of  phenylanthranillc  acid  was  carried  out  completely  in  accordance  with  the  procedure  given  earlier.* 

Results  of  the  analysis  are  given  in  tiie  table,  in  which,  for  the  sake  of  brevity,  only  those  weighed  portions 
of  the  samples  analyzed  ate  considered  which  were  taken  for  determination  of  silicon,  and  for  which  also  calcula¬ 
tions  of  the  molybdenum  and  vanadium  contents  were  made  on  other  weighed  portions. 


•  J.  Gen.  Chem.,  24.  966  (1954).  [See  Consultants  Bureau  Translation,  page  96T], 
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TABLE 


Result  of  the  Analysis  of  Silicomolybdovanadic  Acid 


Expt. 

Weighed 

j  Sum  of  ox-  j 

!  SiOg  ] 

i _ MoOj _ 1 

! _ Ya _ 1 

Ratio 

No. 

:  portion  (g) 

;  ides  (g)  1 

1  (R)  1 

(mole)  j 

!  (s)  ' 

(mole)  1 

'  (g)  j 

(mole) 

SiOg  ;  M0O3  ;  YjOj 

1 

0  998 

;  1 

0.760 

1  ' 

'  0.027  ' 

0.00044 

0.651 

1 

.0.0045 

i  ! 

:  0.084  i 

0.00045 

1  :  10.2  :  1.04 

2 

1  0,938 

0.715 

0.026  , 

0.00043 

0.612  j 

0.004251  0.079  i 

0.00043 

1  li  9.9:  1.0 

3 

i  1.029 

i  0  786 

1  0.028  1 

0.00046 

1  0.673  ■ 

0.0047 

!  0.086  1 

0.00047  1 

1  :  10.2  :  1.02 

The  content  of  water  of  crystallization  was  determined  by  drying  and  by  the  hydride  method.  For  a  given 
sample  it  amounted  to  18-19“7o,  at  the  same  time  as  the  loss  on  calcination  (i.e.,  the  total  content  of  water)  was 
equal  to  23.6-23.8“/o. 

On  the  basis  of  the  analytical  data  obtained,  the  synthesized  compound  may  be  expressed  by  the  formula, 
H,[Si(Mo20.,)iiV206]-  24H2O. 

In  contrast  to  silicomolybdic  acid,  silicomolybdovanadic  acid  did  not  form  precipitates  with  silver  nitrate 
and  rubidium  chloride.  The  oxidation  capacity  of  silicomolybdovanadic  acid  is  considerably  higher  than  that  of 
silicomolybdic:  in  acid  medium  it  is  reduced  to  a  colored  compound  by  the  divalent  iron  cation  in  the  presence 
of  sulfuious  acid;  reduction  also  proceeds  in  the  cold  on  treatment  with  the  trivalent  antimony  cation.  The  latter 
propeity  of  silicomolybdovanadic  acid  also  diffeis  favorably  from  that  of  phosphomolybdic  acid,  solutions  of  which 
are  reduced  by  trivalent  antimony  only  on  heating.  It  is  fundamental  to  assume  that  silicomolybdovanadic  acid 
is  shown  to  be  a  new  reagent  for  the  quantitative  colorimetric  determination  of  antimony. 

SUMMARY 

1.  The  optimal  conditions  of  synthesis  of  silicomolybdovanadic  acid  by  the  ester  method  were  determined. 

2.  The  compiosition  of  the  indicated  heterotriacid  was  determined,  and  on  that  basis  die  compound  obtained 
may  be  expressed  by  the  formula: 


Hg[Si(Mo207)5V20g]  •  nHgO. 


II 

II 

•• 
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COMPLEX  CUPRIC  SALTS  OF  a -H  Y  DROX  Y  A  C  I DS 


1.  TRITARTRATOTETRACUPROATES  OF  COMPLEX  CATIONS  OF  COBALT 

AND  CHROMIUM 

A.  V.  Ablov  and  G.  A.  Popovich 

It  is  well-knovm  that  an  alkali  does  not  precipitate  copper  ion  in  the  presence  of  tartrate  ions.  Moreover, 
some  investigators  [1]  consider  the  solutions  obtained  as  colloidal*,  however,  the  majority  [2,  3]  assume  that  com¬ 
plex  compounds  form.  Until  now  the  attention  of  most  investigators  has  been  devoted  to  the  complex  compounds 
forming  in  alkaline  solutions.  Thus,  quite  a  few  works  have  been  devoted  to  the  complexes  found  in  Fehling’s 
solution  [2],  The  complex  salts  of  polybasic  a  -hydroxyacids,  occurring  in  neutral  media,  have  been  studied  less. 
Recently,  a  number  of  authors  have  developed  volumetric  methods  for  determining  the  ions  of  aluminum  [4],  iron 
[5],  beryllium  [6],  zinc  [7],  copper  [8],  etc.,  which  are  based  on  the  formation  of  tartrate  and  citrate  complexes, 
which  are  stable  in  neutral  media.  In  order  to  ground  these  methods  completely  it  is  necessary  to  know  the  na¬ 
ture  of  the  complex  compounds  formed  by  the  a  -hydroxyacid  with  the  metal,  present  in  neutral  medium. 

A  rather  large  number  of  works  has  been  devoted  to  studies  of  the  complex  combination  of  tartaric  acid  and 
copper  occurring  in  neutral  solutions.  From  neutral  solutions,  containing  copper  ion  and  tartrate  ion,  crystalline 
products  have  been  separated,  the  compositions  of  v^ich  different  authors  write  as:  Na^CuT,  Na3Cq4T)  [9], 

Na2CuT2,  CuCuT,*  On  me  basis  of  physico-chemical  investigations,  it  was  assumed  that  the  following  exist  in 
these  solutions:  CuT",  Cu2T2'“  [1.  3].  The  existence  of  many  of  these  compounds  is  doubtful.  In  all  the  wwks 
referred  to,  a  readily  soluble  salt  of  cupritartaric  acid  with  an  alkali  metal  was  isolated. 

In  our  work  we  set  the  goal  of  obtaining  a  crystalline  salt,  difficultly  soluble  in  water,  and  having  a  bulky 
cation.  We  proceeded  from  the  assumption  that,  with  favorable  charge  and  volume  ratios  of  complex  cupritar- 
trate  anion  and  cation,  a  difficultly  soluble  salt  might  form. 

Actually,  by  preparing  a  strictly  neutral  solution  containing  the  complex  cupritartaric  acid  anion,  we  ob¬ 
tained  very  difficultly  soluble  crystalline  products  of  die  composition.  Cat.  Cq^Tj*  nH20.  by  die  addition  of  complex 
trivalent  cations  of  cobalt  and  chromium.  The  salts  obtained,  as  well  as  the  salts  with  simple  cations  (sodium, 
barium),  contain  a  large  number  of  water  molecules.  The  water  is  lost  with  difficulty,  and  not  completely 
neither  by  heating  to  100-105'  nor  in  vacuo  over  phosphorus  pentoxide. 

The  unusual  stability  of  a  neutral  solution  of  a  salt  of  cupritartaric  acid  toward  heating  compels  one  to  write 
the  anion  [Cq4T3]®'  as  a  symmetrical  structure  and  consider  its  polynuclear  compounds,  probably,  as  having  the 
following  structure: 


The  stability  of  the  anion  depended  on  the  presence  of  a  six-membered  ring.  It  should  be  pointed  out  that 
the  assumed  formula  actually  appears  to  be  completely  symmetrical,  since  the  hydrogen,  designated  by  the  figure 
1,  is  not  restricted  to  one  oxygen.  It  is  possible  that  this  accounts  for  the  unusual  susceptibility  of  this  complex 
anion  toward  acids  and  alkalis.  The  three  ” peripheral"  copper  atoms  in  the  complex  anion  undoubtedly  coordinate 
water  molecules,  but  since  there  is  no  possibility  of  judging  dieir  number,  it  seems  to  us  the  salt  is  represented 
better  as  containing  the  [CqjCi2H70j8]*"  anion.  Furthermore,  we  call  the  salt  including  this  anion,  tritartiato- 
tetracuproate. 

Messon  [9]  and  other  authors  represent  this  anion  with  one  molecule  of  water,  [Cq4Ci2H30i8]®'. 

*  T  is  the  tartaric  acid  radical. 


EXPERIMENTAL 


Preparation  of  the  solution  containing  the  complex  anion  of  cupritartaric  acid.  Copper  tartrate  dissolves 
in  a  dilute  solutiomof  alkali,  for  which,  in  order  to  produce  a  strictly  neutral  solution,  1.25  moles  of  potassium 
hydroxide  is  required  for  1  mole  of  copper  tartrate  [10].  Formation  of  the  complex  anion  proceeds  according  to 
the  equation: 


4CuC4H40g+  5HOH‘=  [Cu4Ci2H70i8]®' +  C4H40|‘ +  SHgO. 

As  seen  from  a  potentiometric  titration  curve  [10],  the  cupritartaric  acid  forming  in  the  solution  seemed  to 
be  a  strong  acid.  The  presence  of  tartrate  ions  stabilized  the  complex  cupritartaric  acid  anion.  The  fact  that  cop¬ 
per  enters  into  the  composition  of  the  complex  anion  was  demonstrated  by  electrolysis  [9]  and  by  measuring  the 
E.  M.  F.  of  The  circuit.  The  anion  in  solution  was  very  stable  toward  heat.  Hydrogen  ions  decomposed  the  cupti- 
tartaric  acid  anion. 

We  found  tliat  if  we  mixed  a  dilute  solution  of  an  alkali  metal  tartrate,  taken  in  excess,  with  a  solution  of  a 
copper  salt  of  a  strong  acid,  the  liquid  acquired  a  distinctly  acid  reaction.  By  neutralization  with  alkali,  the  liquid 
acquired  a  blue -green  color  and  no  precipitate  of  copper  hydroxide  separated.  It  is  possible  to  represent  the  forma¬ 
tion  of  the  copper  complex,  tritartratotetracuproate  ion,  by  the  following  equation: 

3C4H40|'+  4Cu*^  =  [Cq4Ci2H70i8]®'+  5H+  . 

For  stabilization  of  the  tritartratotetracuproate  ion  forming,  an  excess  of  tartrate  ton  was  undoubtedly  neces¬ 
sary. 

Furthermore,  for  preparation  of  the  initial  solution,  containing  the  tritartratotetracuproate  ion,  we  followed 
the  procedure  indicated:  5.00  g  of  potassium  tartrate  (K2C4H40g  •  VzHjO)  and  approximately  1.3  g  of  potassium 
hydroxide  were  dissolved  in  50  ml  of  water.  To  the  solution,  heated  to  50-60°,  a  solution  of  3.41  g  of  cupric 
chloride,  CuCjj  •  2H2O.  in  25  ml  of  water  was  added  dropwise.  The  cupric  hydroxide  that  separated  dissolved  on 
stirring.  To  the  filtered  solution  was  added  a  solution  of  potassium  hydroxide  diluted  to  a  pH  of  6.6-7, 

It  was  assumed  that  all  the  copper  in  the  solution  was  in  the  form  of  the  tritartratotetracuproate  ion.  No 
tarnate  ion,  necessary  for  stabilization  of  the  solution  (1.2  tartrate  ions  to  4  copper  atoms),  was  found  to  be  com¬ 
bined  with  this  complex  anion  in  solution, 

1.  Hexammonocobalti -tritartratotetracuproate,  [Co(NH8)g][Cq4Ci2H70tg]-  15H2O.  This  salt,  as  also  the 
following,  was  obtained  by  mixing  a  solution  of  tritartratotetracuproate  with  a  small  excess  of  the  complex  cobalt 
salt  (to  4  moles  of  copper,  somewhat  more  than  1  mole  of  cobalt  was  taken).  To  the  solution,  heated  to  60°,  1.5  g 
of  hexammonocobaltichloride  in  50  ml  of  water  was  added  dropwise  with  constant  stirring  and  heating  to  50-60° 
the  tritartiatotetracuproate  solution  prepared  according  to  the  indicated  method,  starting  from  3.41  g  of  copper 
chloride.  Green  crystals  separated  on  slow  cooling.  The  crystals  were  washed  several  times  by  decantation  with 
water,  transferred  to  a  glass  filter  and  washed  with  water  until  chloride  disappeared;  then  they  were  dried  in  air. 

The  yield  was  4.35  g  (the  theoretical  amounted  to  5.62).  No  visible  change  of  the  crystals  was  observed  during 
washrng  with  water.  Under  the  microscope,  hexagonal  thick  leaves  prevailed  in  the  agglomeration  of  crystals. 

The  substance  was  difficultly  soluble  in  water  and  insoluble  in  organic  solvents.  A  small  change  of  the  pH  of  the 
medium  led  to  the  decomposition  of  the  complex  [Cq4Tj]*'  anion;  thus,  at  a  pH  <6.2,  CuC4H405*  3H2O  crystals 
separated,  but  at  a  pH  >  7.2  no  crysulline  precipitate  formed. 

The  air  -dried  substance  from  different  experiments  was  taken  for  analysis. 

0.4018  g  sub.:  0.1765  g  CuSCN;  0.1765  g  [CoPy4(NCS)2].  0.3803  g  sub.:  0.1672  g  CuSCN;  0.1670  g 

[CoPy4(NCS)2].  0.3324  g  sub.:  0.1460  g  CuSCN.  0.4134  g  sub.:  0.1938  g  CO2;  0.1809  g  H2O.  0.4712  g 

sub.:  0.2215  g  CO2;  0.2073  g  H2O.  Found  <7o:  Cu  22.98,  22.98,  22.96;  Co  5.27,  5.27;  C  12.79,  12.83;  H  4.90, 

4.92.  [Co(NH8'^][Cu4Ci2H70i8]-  I5H2O.  Calculated  <y,:  Cu  22.59;  Co  5.24:  C  12.81;  H  4.93. 

After  heating  in  a  drying  chamber  at  100-105°  for  a  period  of  45  hours,  the  substance  lost  in  weight: 

0.3802  g  sub.:  loss  0.0814  g.  0.4477  g  sub.:  loss  0.0938  g.  Found  °]ai  HjO  21.40,  20.95. 

During  a  period  of  14  days,  over  P2O5.  at  room  temperature,  the  substance  lost  in  weight: 

0.4804  g  sub.:  loss  0.1048  g.  0.4531  g  sub.:  loss  0.0993  g.  Found  <7o:  H2O  21.81,  21.92.  Calculated ‘yo: 

HjO  22.42  for  [Co(NH8)8][Cq4Ci2H90„]-  WHjO.  24.02  for  [Co(NHj)e][Cu4Ci2H70i8]  •  IbHjO. 
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The  losses  in  weight  agree  better  with  the  first  formula,  including  one  molecule  of  water  in  the  composition 
of  the  complex  [C 1^4012119019]*'  anion. 

2.  Triethylenediaminecobalti-tritartratotetracuproate,  [CoengJfCu^CnHYOit]*  llHaO.  It  was  obtained,  like 
the  previous  salt,  starting  from  [CoenjJCli*  3H2O.  It  consisted  of  yellowish -green  hexagonal  plates,  difficultly 
soluble  in  water. 

0.4754  g  sub.:  0.2042  g  CuSCN;  0.2038  g  [CoPyifNCSlj].  0.3580  g  sub.:  0.2492  g  CO2;  0.1543  g  HjO. 

Found  ‘7ot  Cu  22.45;  Co  5.14;  C  19.00;  H  4.82.  [Co(C2H,N2)  3][Cit4Ci2H70ig] •  IIH2O.  Calculated  %:  Cu 

22.45;  Co  5.21;  C  19.05;  H  4.72. 

3.  Aquapentammonocobalti-tritartratotetracuproate,  [Co(NH9)sH20][Cit4CnH70i9]-  lOH^O.  For  preparation 
of  this  salt  it  was  possible  to  start  from  the  crystalline  aquapentammono-salt.  It  was  simpler,  however,  to  follow 
this  procedure:  2  g  of  chloropentammonocobaltichloride,  [Co(NH3)^Cl]Cl2,  was  dissolved,  with  slight  heating,  in 
50  ml  of  2. 4*70  ammonia.  Hydrochloric  acid  was  added  to  the  filtered  solution  until  the  pH  =  6.8-7.  The  neutral 
solution  was  mixed  with  a  solution  of  tritartratotetracuproate.  The  mixture  acquired  an  intense  reddish -violet 
color.  After  12  hours,  the  large  blue  crystals  precipitated  were  transferred  to  a  filter,  washed  with  water  until 
chloride  ion  was  removed,  and  dried  in  the  air.  The  yield  was  4.15  g.  Under  the  microscope  the  crystals  were 
hexagonal,  elongated  plates.  The  substance  was  difficultly  soluble  in  water.  It  decomposed  on  heating  to  130-140°. 

0.3865  g  sub.;  0.1720  g  CuSCN;  0.1736  g  [CoPy^CNCSlj].  0.4045  g  sub.;  0.1807  g  CuSCN;  0.1814  g 

[CoPy4(NCS)2].  0.3873  g  sub.:  0.1883  g  CO2;  0.1556  gH20.  0.4960  g  sub.:  0.2398  g  CO2;  0.2013  g  HjO. 

Found  <1or  Cu  23,26,  23.24;  Co  5.39,  5.38;  C  13.27,  13.19;  H  4.50,  4.54.  [Co(NHs)5H20][Cq4Ci2H70ig]-  I3H2O. 

Calculated  <7o:  Cu  23.30;  Co  5.40;  C  13.22;  H  4.62, 

During  warming  in  a  drying  chamber  at  100-105°  for  a  period  of  54  hours,  die  substance  lost  in  weight: 

0.5007  g  sub.:  loss  0.0902  g.  0.3221  g  sub.;  loss  0.0590  g.  Found  HgO  18.01,  18.32.  Calculated  •?!>: 

HgO  19.84  for  [Co(NH3)5H20][Cq4Ci2H90i9] •  I2H2O.  21.49  for  [Co{NH8)5H20][Cu4Ci2H70ij]-  I3H2O. 

4.  Hexacarbamidechromi-tritartratotetracuproate,  [Cr(NH2C0NH2)63[CqgCi2H70|g]‘  I8H2O.  In  order  to  ob¬ 
tain  this  salt,  2  g  of  hexacarbamidechrominitrate,  [CrfNHgCONHgJgXNOglg  ,  was  dissolved  in  50  ml  of  water,  heated 
to  60-70°,  and  tritartratotetracuproate,  prepared  by  starting  from  3.41  g  of  CuClg*  2H2O,  was  added  to  it  dropwise. 
Coarse,  light-bluish  plates  in  the  form  of  rhombs  separated  from  the  solution  on  cooling. 

0.2991  g  sub.:  0.1026  g  CuSCN.  0.1882  g  sub.:  0.0522  g  CuO+  CrgO,.  0.2845  g  sub.:  0.0973  g  CuSCN. 

0.2371  g  sub.:  0.0655  g  CuO  +  CtgOg.  0.3771  g  sub.;  0.2094  g  COg;  0,1633  g  HgO.  0.3090  g  sub.;  0.1731  g 

CO2;  0.1349  g  HgO.  0.3838  g  sub.:  0.2195  g  COg;  0.1630  g  HgO.  Found  7o:  Cu  17.93,  17.87;  Cr  3.64,  3,57; 

C  15.16,  15,25,  15.61;  H  4.84,  4.88,  4.75.  [Cr(CH40N2)gJ[Cq4Ci2H70igJ- I8H2O.  Calculated  <70;  Cu  17.77; 

Cr  3.64;  C  15.12;  H  4. '73. 


SUMMARY 

1.  Crystalline  salts  of  the  composition  Cat.  Cq^Tg,  were  obtained  from  neutral  solutions  containing  divalent 
copper  and  an  excess  of  tartrate  ion,  added  to  bulky  trivalent  complex  cations  of  cobalt  and  chromium, 

2.  It  was  demonstrated  that  the  complex  anion  [Cq^Tg]*"  is  present  in  neutral  media. 

LITERATURE  CITED 

[1]  A,  Dumansky  and  A.  Khalizev,  Koll.  Z.,  47,  121  (1929). 

[2]  Pfeiffer,  Simons,  Schmitz,  Z.  allg.  anorg.  Chem.,  256,  318  (1948). 

[3]  Bobtelsky,  Jordan,  J.  Am.  Chem,  Soc,,  67,  1824  (1945). 

[4]  A.  V.  Pavlinova,  J.  Appl.  Chem.,  9,  1682  (1935). 

[5]  Cherviakov  and  Deichman,  Factory  Labs.,  4.  508  (1935). 

[6]  V.  K.  Zolotukhin,  Sci.  Reports  of  Lvov  State  Univ.,  9,  58  (1947). 

[7]  Shpilev,  J.  Appl.  Chem.,  10,  2130  (1937). 

[8]  Pavlinova  and  Popovich,  Sci.  Reports  of  Chernovtsy  State  Univ.,  6,  239  (1950). 


977 


[9]  Masson,  Steel,  J.  Chem.  Soc.,  75,  725  (1899). 

[10]  E.  E.  Wark,  J.  W.  Wark,  J.  Chem.  Soc.,  1930.  2478. 

Received  November  30,  1953  Kishinev  State  University 


BISMUTH  AMINES.  THEIR  STRUCTURE  AND  FORMATION 


IN  AQUEOUS  SOLUTIONS 

N.  M.  Turkevich 

As  is  well-known,  the  ammoniates  and  amines  of  a  series  of  metals  (copper,  cadmium,  zinc,  nickel,  cobalt, 
etc.),  are  easily  dissolved  in  water  and  are  formed  by  the  addition  of  an  excess  of  ammonia,  or  of  some  suitable 
amine,  to  an  aqueous  solution  of  a  salt  of  the  indicated  metal.  Formation  of  the  amines  of  bismuth  in  aqueous 
solutions  is  considerably  hampered,  since  the  majority  of  bismuth  salts  easily  undergo  hydrolysis  by  the  action  of 
water;  therefore,  the  ammoniates  and  amines  of  bismuth  are  obtained  either  by  the  action  of  gaseous  [1]  or  liquid 
[2]  ammonia  on  a  bismuth  salt,  or  by  the  action  of  a  solution  of  an  amine  [3]  in  an  anhydrous  organic  solvent  (acet¬ 
one,  ether,  alcohol)  on  such  a  bismuth  salt  solution.  The  indicated  method  of  obtaining  the  bismuth  amines  is, 
in  many  cases,  not  practicable  because  of  the  insolubility  of  the  majority  of  bismuth  salts  in  organic  solvents. 

However,  the  possibility  of  forming  bismuth  amines  in  aqueous  solutions  was  shown  both  by  investigations 
that  we  carried  out  [4.  5],  with  citrate  and  tartrate,  and  by  the  investigations  of  Izmailsky  and  coworkers  [6]  with 
bismuth  tartrate.  We  attempted  to  obtain  the  amines  from  water-soluble  complex  salts,  based  on  the  fact  that  it 
is  possible  to  consider  their  aqueous  solutions  as  solutions  of  simple  81X3  salts  in  neutral  solvents  in  accordance  with 
the  equation; 

Men-s[BiXn]  BiXj  +  (n-3)  MeX  (1) 

(i^is  the  coordination  number  of  the  bismuth  atom). 

Preliminary  investigations  showed  that,  actually,  solutions  of  BiClj  in  concentrated  NH4CI  solution,  Bi2(S04)3 
in  (NH4)2SQ4  solution,  and  others,  form  crystalline  amine  precipitates  with  a  series  of  amines.  Precipitation  of  the 
amines  disrupts  the  equilibrium  of  the  secondary  dissociation,  represented  by  equation  R),  so  that  the  complex  salt 
can  be  completely  converted  to  the  corresponding  amine: 

aMen_s[BiXn]+  bRNHg  — >  aBiX3-bRNH2+  (n-3) MeX.  (2) 

For  the  purpose  of  preparation  we  discontinued  the  use  of  potassium  iodobismuthate  prepared  by  the  action 
of  a  large  excess  of  potassium  iodide  on  neutral  bismuth  nitrate,  since  the  amines  of  bismuth  iodide  are  more  stable 
toward  the  hydrolytic  action  of  water.  Such  a  reagent  was  prepared  almost  neutral,  in  contrast  to  the  generally  well- 
known  Dragendorff  [7]  reagent,  containing,  as  a  result  of  the  addition  of  nitric  acid,  free  iodobismulhic  acid,  HBilj. 

Qi  reaction  of  the  Dragendorff  reagent  on  organic  bases,  crystalline  iodobismuthates,  but  not  amines,  form. 

The  neutral  solution  of  potassiumbdobismuthate,  which  we  prepared  forms  a  crystalline  precipitate  on  grinding 
in  the  cold  or  on  heating  with  urotropine,  pseudo -hydantoin,  5 -benzylidene -pseudo -thiohydantoin,  0 -picoline,  thiourea, 
dimethylaniline,  p-nitroso-dimethylaniline,  p-dimethylaminobenzaldehyde,  p-aminosalacylic  acid,  tetramethyldi- 
aminobenzophenone,  quinoline,  5-chloroquinoline,  6-chloroquinoline,  6-aminoquinoline,  etc..  Some  of  the  amines 

of  bismuth  iodide  do  not  form  because  of  the  very  small  solubility  of  the  amines  in  water  or  as  a  result  of  hydrolysis 
(for  example,  aniline). 

In  this  papjer  we  describe  the  production  of  amines  from  dimethylaniline,  diethylaniline,  p-nitrosodimethyl- 
aniline,  p-dimethyl,  amndbenzaldehyde,  quinoline.  5-chloroquinoline,  6-aminoquinoline,  cordyl  amine  and  thiourea. 

Of  these,  the  quinolinate  of  bismuth  iodide,  having  the  structure,  Bil3*C9H7N,  is  described  in  the  literature  [8].  We 
produced  a  similar  compound  which  crystallized  with  one  molecule  of  water.  Since. the  existence  of  the  coordination 
mrrberV  for  the  bisnuth  atom  is  of  small  probability,  we  are  inclined  to  adopt  the  following  dimeric  structure  having  a 
coordination  number  of  VI: 
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For  the  same  reason  Dubsky  and  coworkers  [9],  and  also  Gutbier  and  Muller  [10],  used  the  dimeric  structure 
for  chloro-  and  bromo-bismuthates. 

The  dimeric  structure  should  also  be  adopted  for  compounds  of  thiourea  with  bismuth  iodide,  4CS(NH2)2*  2Bil3, 
although  in  the  present  case  a  secondary  bond  with  the  sulfur  atom  might  also  develop.  In  the  literature  bismuth  iodide 
compounds  including  one  [11]  and  three  [12]  molecules  of  thiourea  are  described. 

The  coordination  number  VI  is  involved  also  in  the  molecule  of  the  compound  which  is  formed  by  dimethyl- 
aminobenzak’ehycie.  rj(CH3;2NC5H4CHO  •  8113.  The  trinuclear  structure  and  the  coordination  number  VI  are  present 
in  the  molecule  of  bismuth  iodide  dimeih^lanilinate,  2(CH3)2NC5H5  •  SBilj. 

Tlie  quadrinuclear  structure  is  characteristic  of  the  compounds  formed  by  diethylaniline,  3(C2H5)2NC5H5)2  •  4Bil3; 
cordyl  amine,  C5H4NCON(C2H5)2' 4Bil3;  6-aminoquinoline,  3NH2C9H5N  •  4Bil3;  5-chloroquinoline,  6CIC9H5N  •  4Bil3  and 
p-nitrosodimethylaniline,  6NOC6H4N(CH3)2  •  4Bil3.  In  the  two  latter  cases  we  adopt  the  double  formulas  for  the  same 
reason,  which  is  also  true  in  the  case  rf  the  quinclinate.  In  all  the  compounds  indicated,  the  coordination  number  of  the 
bismuth  atom  is  equal  to  VI.  Aminoquinoline  and  cordyl  amine  occupy  two  coordination  positions  on  introduction  of 
two  nitrogen  atoms.  The  combination  of  cordyl  amine  with  bismuth  iodide,  apparently,  has  the  structure 


1/  'm/ 

NC5H4C0N(C2H5)2 


VI/Iv  VI -lx  IV  A 
Bl/  >Bl/ 

'■l/l  \,/  \l 


in  which  the  coordination  number  of  the  bismuth  atoms  connected  with  nitrogen  is  equal  to  VI. 

It  should  be  pointed  out  that  we  demonstrated  die  polynuclear  structure  for  some  complex  compounds  of  bis¬ 
muth  (among  them  also  ammoniates)  by  heating  [13],  and  also  by  carrying  out  a  multi-stage  hydrolysis  [14].  We  did 
not  follow  the  hydrolysis  of  the  bismuth  iodide  amines,  because  the  compounds  that  we  obtained  seemed  to  be  either 
very  stable  or  too  rapidly  hydrolyzed  in  water.  Thus,  we  obtained  the  crystalline  amine  for  m-toluidine,  but  on  wash¬ 
ing  the  potassium  nitrate  from  it  with  water,  we  observed  its  complete  conversion  to  BiOI. 

During  investigation  of  the  physical  properties  of  the  amines  of  bismuth  iodide,  we  observed  the  very  rare  phen¬ 
omenon  of  the  solubility  of  the  complex  bismuth  compound  in  (^ganic  solvents.  Thus,  the  addition  products  of  dimethyl 
aminobenzaldehyde  and  thiourea  to  Bils  dissolved  rather  readily  in  ether,  acetone  and  alcohol. 


EXPERIMENTAL 

Potassium  iodoblsmuthate  solution.  99.6  g  (0.6  mole)  of  potassium  iodide  was  triturated  with  48.4  g  (0.1  mole) 
of  crystalline  bismuth  nitrate  in  a  porcelain  mortar.  To  the  pasty  mass  obtained,  150  ml  of  water  was  added  in  sev¬ 
eral  portions.  The  reddish -orange  solution  was  filtered  and  collected  in  a  place  which  was  protected  from  the  light. 
The  composition  of  the  solution  was  potassium  iodo-bismuthate,  potassium  nitrate  and  an  excess  of  potassium  iodide. 
In  1  ml  of  solution  after  diluting  and  colorimetrically  comparing  with  a  standard  solution  (0.1  g  Bi  per  1  ml)  we 
found  295  mg  of  8113. 

Bismuth  iodide  quinolinate.  10  ml  (0.005  mole)  of  a  solution  of  potassium  iodo-bismuthate  was  shaken  with 
2.58  g  (0.02  mole)  of  quinoline,  after  which  a  precipitate  having  a  brick  color  separated  several  minutes  later.  The 
mixture  was  heated  on  the  water  bath  for  10  minutes  and  left  for  2  days  at  room  temperature.  The  precipitate  was 
then  filtered  into  a  Buchner  funnel,  washed  with  water,  alcohol  ether;  dried  ii  cIe  air.  The  yield  was  3. 1  g.  The 
quinolinate  of  bismuth  iodide,  2C9H7N*  2Bil3’  2H20was  a  crystalline  substance,  brick -red  in  color,  and  insoluble  in 
water,  alcdiol  and  ether. 

281.7  mg  sub.:  151,0  mg  CO2:  28.9  mg  H2O.  60.8  mg  sub.:  1.147  ml  N2  (23°,  731  mm).  311.7  mg  sub.: 

8.4  mg  HjO;  98.7  mg  BijO,.  Founder  C  14.63;  H  1.15;  N  2.09:  Bi  28.40;  H2O  2.69.  2BiI,'  2C9HtN-  2H20. 

Calculated C  14:67:  H  L23:  N  1.90:Bi  28.36*.  HjO  2.45. 

Comt>ound  of  bismuth  iodide  with  thiourea.  10  ml  (0.005  mole)  of  potassium  iodoblsmuthate  was  triturated 
in  a  25  ml  flask  with  1.56  g  (0.02  mole)  of  urea,  and  then  heated  on  the  water  bath  for  a  period  of  10  minutes.  The 
clear  solution  obtained  was  cooled,  and  the  crystals  that  separated  out  were  filtered  into  a  Buchner  funnel.  After 
washing  with  water  and  a  small  amount  of  alcohol,  the  crystals  were  dried  in  the  air.  We  obtained  1.8  g  of  large 
dark  orange  crystals  of  the  compound  281X3  •  4CS(NH2)2,  which  were  readily  soluble  in  ether,  alcohol,  acetone,  and 
slightly  soluble  in  benzene. 
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236.5  mg  sub.:  30.4  mg  COgi  23.3  mg  HjO.  193.0  mg  sub:  60.9  mg  Bi20;;  7.8  ml  0.1  N  AgNOj.  Found 

C  3.51;  H  1.10;  Bi  28.31;  I  51.29.  2B?J, •  4CS(NH2)2.  Calculated  <7o:  C  3.24;  H  1.09;  Bi  28.17;  I  51.32. 

The  p-Nigosodimethylanilinate  of  bismuth  iodide.  10  ml  (0.005  mole)  of  potassium  lodobismuthate  solution 
was  tjiturated  in  a  flask  with  3.0  g  (0.02  mole)  of  p  -nitrosodimethylaniline,  whereby  crystals  of  amine  were  obser¬ 
ved  to  form  in  the  cold.  The  mixture  was  heated  on  the  water  bath  for  20  minutes.  After  cooling,  the  precipitate 
was  filtered  off,  washed  with  water,  alcohol  and  ether,  and  dried  in  the  air.  We  obtained  3.4  g  of  the  brick -red 
crystalline  substance,  4BiIj'  6NOC5H4N(CHs)j.  which  was  not  soluble  in  water,  alcohol,  or  ether. 

259.8  mg  sub.:  167.5  mg  CO2;  44.2  mg  H,0.  155.8  mg  sub.:  6.89  ml  N2  (25.5°,  733).  199.1  mg  sub.: 

57.2  mg  BigO,;  7.3  ml  0.1  N  AgNO,  Found  <7o:  C  17.59;  H  1.90;  N  4.88;  Bi  25.77;  I  46.53.  4BiI,- 

•  6N(X;5H4N(CHj)2.  Calculated  <^0:  C  17.68;  H  1.86;  N  5.16;  Bi  25.64;  I  46.72. 

The  6-aminoquinolinate  of  bismuth  iodide.  10  ml  (0.005  mole)  of  potassium  lodobismuthate  solution  and 
2.88  g  (0.02  mole)  of  6-aminoquinoline  were  reacted  as  in  the  case  of  p -nitrosodimethylaniline.  We  obtained 

2.5  g  of  the  yellow -cinnamon  colored  substance  4BiIs  •  3NH2C9H5N.  which  was  insoluble  in  water,  alcohol  and 
etiter. 


167.1  mg  sub.;  73.1  mg  CO2;  17.8  mg  H2O.  115.3  mg  sub.:  38.4  mg  Bi20];  4.95  ml  0.1  N  AgNOj.  Found  '% 

C  11.94;  H  1.19;  Bi  29.87;  I  54.49.  480.,-  3NH2C,HeN.  Calculated  C  11.62;  H  0.87;  Bi  29.95;  I  54.56. 

The  compound  of  cordyl  amine  with  bismuth  iodide.  10  ml  (0.005  mole)  of  potassium  iodobismuthate 
solution  and  6  ml  of  a  solution  containing  2.44  g  (0.02  mole)  of  cordyl  amine,  were  poured  together,  and  an  amine 
precipitate  deposited.  The  mixture  was  heated  for  20  minutes  on  a  vyrater  bath,  and  after  cooling,  the  precipitate 
was  filtered  off,  and  washed  with  water  and  a  large  amount  of  alcohol.  The  preparation  was  dried  in  the  air.  We 
obtained  1.8  g  of  the  substance  4BiIj'C5H4NCON(C2H5)2,  having  a  carmine  red  color,  and  insoluble  in  water,  alcohol 
and  ether. 

485.1  mg  sub.:  86.5  mg  COg;  26.2  mg  H2O.  205.1  mg  sub.;  74.8  mg  Bi20g;  9.7  ml  0.1  N  AgNOj.  Found  °Io: 

C  4.87;  H  0.60;  Bi  32.71;  I  60.02.  4BiI,-  C5H4NCON(C2H5)2.  Calculated  C  4.73;  H  0.56;  Bi  32.95;  I  60.03. 

The  compound  of  p-dimethylaminobenzaldehyde  with  bismuth  iodide.  3.3  ml  (0.0016  mole)  of  potassium 
iodobismuthate  solution  was  introduced  into  reaction  with  1  g  (0.0067  mole)  of  p-dimethyleminobenzaldehyde, 
as  in  the  case  with  thiourea.  We  obtained  1.6  g  of  brick -ted  crystals  having  the  composition,  Bilj-  3(CH3)2NCgH4CHO. 
The  preparation  was  soluble  in  alcohol,  ether  and  acetone,  and  slightly  soluble  in  benzene. 

214.1  mg  sub.:  243.2  mg  COj;  59.9  mg  HgO.  92.8  mg  sub.:  3.588  ml  Ng  (20°.  753  mm).  101.0  mg  sub.: 

22.5  mg  BigOj!  Found^^o:  C  31.00;  H  3.13;  N  4.34;  Bi  19.98.  BUj-  3(CHj)2NC6li4CHO.  Calculated  C  31.26; 

H  3.21;  N  4.05;  Bi  20.15. 

The  dimethylanilinate  of  bismuth  iodide.  5  ml  (0.0025  mole)  of  potassium  iodobismuthate  solution  was  tri¬ 
turated  with  1.21  g  (0.01  mote)  of  dimethylaniline  in  a  25  ml  flask.  Characteristic  amine  crystals  were  formed  in 
the  cold.  The  mixture  was  boiled  for  2  minutes,  and  then  cooled.  The  crystals  were  filtered  off,  washed  widi  water, 
alcohol  and  ether,  and  dried  in  the  air.  We  obtained  1.7  g  of  the  substance  3Bil3*  2(CH3)2NCgH5,  which  had  a 
brick -red  color,  and  was  insoluble  in  water,  alcohol,  and  ether.  On  heating  the  preparation  to  80°  in  a  drying  cham¬ 
ber,  partial  volatilization  of  the  dimethylaniline  was  observed. 

173.5  mg  sub  :  58.1  mg  COg;  19.2  mg  HgO.  52.3  mg  sub.:  0.648  ml  Nj  (19.5°,  733  mm).  118.9  mg  sub.; 

41.5  mg  BijOg;  5.3  ml  0.1  N  AgNOg.  Found  <7o:  C  9.14;  H  1.24;  N  1.40;  Bi  31.31;  I  56.58.  2(CHs)2.NCgH5  • 

•SBrIg.  Calculated  C  9.55;  H  1.10;  N  1.39;  Bi  31.17;  I  56.78. 

The  dlethylanilimate  of  bismuth  iodide.  5  ml  (0.0025  mole)  of  potassium  iodobismuthate  solution  was  reacted 
with  1.49  g  (0.01  mole)  of  diethylaniline,  in  a  way  similar  to  that  of  the  preceding  preparation.  We  obtained  1.2  g 
of  the  substance,  4BU5*  3(C2H5)2NCgH5,  which  had  a  brick -red  color,  and  was  insoluble  in  water,  alcohol  and  ether. 
Also,  like  die  preceding  preparation,  diethylaniline  was  volatilized  from  the  substance  on  heating. 

151.1  mg  sub.:  68.9  mg  COg*.  21.4  mg  HgO.  21.8  mg  sub.:  0.277  ml  Ng  (21°,  730  mm).  156.3  mg  sub  : 

51.9  mg  B12O3;  6.7  ml  0.1  N  AgNOg"  Found  <yo;  C  12.44;  H  1.58;  N  1.41;  Bi  29.79;  I  54.40.  4Bil3* 

•3(C2H5)2NC6H5.  Calculated  <^0:  C  12.83;  H  1.62;N  1.50;  Bi  29.78;  I  54.27. 

The  5-chloroquinolinate  of  bismuth  iodide.  2.5  ml  (0.0012  mole  )  of  potassium  iodobismuthate  solution  was 
reacted  wlfli  0.8  g  (0.005  mole)  of  5 -chloroquinoline  in  a  way  similar  to  that  used  for  the  two  preceding  prepar¬ 
ations.  We  obtained  0.9  g  of  a  dark  orange  product,  4Bil3*  6CIC9H5N,  which  was  insoluble  in  water,  alcohol  and 
ether.  On  heating  to  100°  in  a  drying  chamber,  a  partial  volatilization  of  5 -chloroquinoline  was  observed. 
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143^  sub.:  102.1  mg  COj;  15.5  mg  HjO,  82.6  mg  sub.:  1.715  ml  Nj  (22’,  738  mm).  119,0  mg  sub.: 
33.4  mg  BijO,.  Found ‘7o:  C  19.40;  H  1.21;  N  2.33;  Bi  25.18.  4BiI, -eClCjHeN.  Calculated  <7o;  C  19,41; 
H  1.09;  N  2.52;  Bi  25.02. 


SUMMARY 

1.  The  amines  of  bismuth  iodide  were  obtained  by  reaction  of  amines  with  neutral  aqueous  solutions  of 
potassium  iodobismuthate. 

2.  The  coordination  number  of  the  bismuth  atom  in  its  amine  molecules  is  VI. 

3.  The  majority  of  the  bismuth  iodide  amines  obtained  have  a  polynuclear  structure. 

4.  The  additiOTi  compounds  of  bismuth  iodide  with  p-dimethylaminobenzaldehyde  and  thiourea  were  char¬ 
acterized  by  their  solubility  in  organic  solvents. 
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CATALYTIC  SYNTHESIS  OF  KETONES 


11.  SYNTHESIS  OF  METHYL  BUTYL  KETONES  AND  METHYL  ETHYL  KETONE 

I.  P.  Yakovlev 


As  shown  earlier  [1],  upon  the  interaction  of  an  acid  with  an  alcohol  over  a  catalyst,  one  should  expect  the 
formation  of  ketones  of  such  structure  that  both  radicals  —  the  acidic  and  the  alcoholic  —  are  preserved.  It  was 
assumed  that  the  alcohol  molecule  was  initially  dehydrated  and  simultaneously  adsorbed  by  the  catalyst,  and  that 
addition  to  the  acid  molecule  proceeded  later.  The  scheme  of  the  reaction  was  presented  in  [2]. 

One  may  assume  that  in  other  analogous  cases  the  formation  of  ketones  from  the  corresponding  acid  deriva¬ 
tives  and  substituted  hydrocarbons  also  proceeds  according  to  the  general  scheme: 


R-C-X+  CH,-CH-R’ 

_L_! _ L 


-HY 


catalyst 


Y-CH2-CH2-R’ 


/ 


[-HX 

/ 

R-C-CH=CH-R' 

i+H2 

/ 

R-C-CH2-CH2-R’ 


,0  ,CH,X 
/  / 


R-C-CHj-CHX-R’  and  (or)  R-C-CH-R’ 


l- 


HX 


,0  CH, 

/  / 

R-C-C-R’ 


//"! 

R-C  -CH-R 


where  X  and  Y  may  be:  H,  halides.  OH,  OR,  OCOR,  apparently  NH2.  NR2-groups,  etc.;  Y  may  occur  as  primary, 
secondary  and  tertiary  carbon  atoms. 

In  the  case  of  the  halide  derivatives,  as  will  be  shown  below,  the  given  reaction  mechanism  was  essentially 
verified. 


For  the  ketonization  process,  apparently,  it  is  also  necessary  that  the  reacting  molecules  adsorbed  by  the  cata¬ 
lyst  be  contacted  at  a  minimum  of  two  points.  In  the  case  of  alcohol  or  alkyl  halide  molecule,  the  liberated  bonds 
formed  by  dehydration  or  by  the  splitting  off  of  hydrogen  halide,  add  to  the  surface  of  the  catalyst,  and  might  be 


designated  by  the  symbol 


To  this  adsorbed  molecule  may  be  added  other  reacting  molecules,  for 


catalyst 

example,  acid,  whereby  addition  may  proceed  in  two  directions,  depending  on  the  temperature  (i.e.,  the  energetic 
factor)  and  on  steric  factors.  The  breaking  of  the  bond  in  the  acid  molecule  may  take  place  between  the  hydrogen 
and  the  oxygen,  as  a  result  of  which  an  ester  will  form,  or  the  rupture  may  occur  between  the  OH  and  C  groups  — 
in  this  case  a  hydroxy  ketone  forms. 


In  the  present  work,  to  confirm  this  hypothesis,  we  carried  out  ketonization  and  esterification  in 

mixtures  of:  1)  acetic  acid  and  n -butyl  alcohol  in  the  presence  of  hydrogen  over  a  chrome -manganese  catalyst 
[3],  applied  to  activated  carbon;  2)  acetyl  chloride  and  ethyl  bromide  over  manganese  chloride,  applied  to  asbes¬ 
tos  wool,  in  the  presence  and  absence  of  hydrogen. 
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It  was  assumed  tiiat  in  the  case  of  acetic  acid  and  n -butyl  alcohol,  at  low  temperature,  an  ester  should  form 
according  to  scheme  A.  and  at  high  temperature,  a  ketone  according  to  scheme  B. 


(I) 


O 


'/  -H,0 

A.  CHsC-OH+ HjC-CHCHjCHj  -* — *— 


catalyst  (III) 


HOCHjCHjCHjCHj 

(II) 


.O  CH, 


/'■■■  / 

CHjC  -O  -CHCHjCH  j  and  CHjC  -O  -CHjCHiCHgCH, 


(IV) 


(V) 


CHjC^H  +  HjC  -CHCHjCHj 


I 


catalyst  (III) 


HCXnigCHjCHzCHs 

(11) 


,0  CH,OH 

// 


CHjC-CHCHjCH,  and  (or)  GHjC-GHjCHOHCHaCHs 


,  (VI) 

j  -HjO 

CHjC-c'-CHjCHj 

(vni) 

I  +H2 

CH3C-CHCH2CH3 

(X) 


,  (VU) 

i  -H20 

/ 

CH3C  -CH  =CHCH2CH3 
(IX). 

i  +H2 

/ 

CH3C  -CH2CH2CH2CH3 
(XI) 


According  to  scheme  B  the  final  product  of  the  catalytic  reaction  should  be  the  hydroxy  ketones  (VI)  and 
(VII).  but  since  the  reaction  temperature  is  sufficiently  high,  the  hydroxy  ketones  aie  del^drated  and  converted  to 
the  vinyl  ketones  (VIII)  or  (IX).  The  vinyl  ketones  formed  are  very  easily  polymerized  to  resins.  In  order  to  pre¬ 
vent  their  polymerization,  it  is  necessary  to  convert  them  to  saturated  ketones— methyl  sec -butyl  ketone  (X)  and 
methyl  n -butyl  ketone  (XI).  by  introducing  an  equimolecular  quantity  of  hydrogen.  The  investigation  made  con¬ 
firmed  the  given  hypothesis.  It  was  shown  that  in  the  absence  of  hydrogen,  methyl  sec -butyl  ketone  and  meth 
yl  n-butyl  ketone  form  in  very  small  quantity,  and  are  apparently  formed  because  of  partial  dehydration  of  the 
original  butyl  alcohol.  For  die  synthesis  of  die  ester,  hydrogen  is  not  required. 

The  necessity  for  the  presence  of  hydrogen  in  the  reaction  medium  was  especially  apparent  in  the  synthesis 
of  methyl  ethyl  ketone  from  acetyl  chloride  and  ethyl  bromide.  The  ketonization  reaction  may  be  represented 
by  the  following  scheme: 


/ 

CH3C  -Cl  +  CH,  -CH2  < 

I  I 

(XH)  catalyst 


-HBr 


BtCH2CH3 

(XIH) 


(XIV) 


[continued  on  next  page] 
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/ 

CHjC  -CHgCHjCl 
(XV) 


I- 


HCl 


/ 

CH8C-CH=CH2 


+  H.. 


/ 

ch3C-ch2c:h,. 


(XVI) 


(XVH) 


Here,  evidently,  the  final  product  should  also  be  vinyl  ketone  (XVI).  But,  since  vinyl  ketone  polymerizes 
very  leadily  its  isolation  in  considerable  quantities  is  not  feasible,  and  actually,  it  is  present  as  traces  in  the  reac¬ 
tion  products.  Methyl  ethyl  ketone  is  not  formed  unless  hydrogen  is  supplied  to  the  system.  This  is  understandable, 
since  hydrogen  will  not  be  formed  from  the  acetyl  chloride  and  ethyl  bromide  under  the  given  conditions;  therefore, 
in  the  absence  of  hydrogen,  polymerization,  resinification,  and  carbonization  of  the  methyl  vinyl  ketone  proceeds; 
no  liquid  reaction  products  form,  and  methyl  ethyl  ketone  is  not  observed  If  hydrogen  is  supplied  to  the  system, 
then  methyl  ethyl  ketone  is  formed  in  good  yield. 

For  the  purpose  of  a  more  accurate  elucidation  of  the  formation  of  methyl  ethyl  ketone  from  acetyl  chloride 
and  ethyl  bromide  in  the  presence  of  hydrogen,  an  experiment  on  the  ketonization  of  a  mixture  of  acetic  acid  and 
ethyl  bromide  was  made,  since  it  could  be  assumed  that  in  the  preceding  experiment  water  formed  in  some  way  (on 
the  basis  of  the  oxygen  in  die  acid  chloride),  and  might  have  hydrolyzed  the  acid  chloride  or  ethyl  bromide.  It 
vvras  assumed  that  in  the  case  of  acetic  acid  and  ethyl  bromide,  acetone  would  be  obtained,  since  the  reaction  should 
proceed  through  tire  ester  stages;  thus  the  formation  of  methyl  ethyl  ketone  was  possible.  The  experiment  showed 
that,  from  the  acetic  acid  and  ethyl  bromide,  only  acetone  formed;  methyl  ethyl  ketone  was  not  observed. 

In  tire  preceding  experiment,  if  water  had  formed  in  some  way  so  as  to  be  free  to  hydrolyze  the  acetyl  chlor¬ 
ide  and  ethyl  bromide,  we  should  have  obtained  acetone  and  methyl  ethyl  ketone,  but  the  latter  was  not  observed. 

Thus,  these  experiments  showed  that  actually,  a  splitting  off  of  the  elements  of  the  hydrogen  halide  from  the 
alkyl  halide  molecule  proceeds  with  simultaneous  adsorption  of  the  olefin  onto  the  surface  of  the  catalyst,  and  only 
after  this  does  the  interaction  with  acetyl  chloride  proceed.  If  a  simultaneous  splitting  off  of  a  chlorine  atom  and 
a  bromine  atom  from  both  reacting  molecules  occurs,  and  their  subsequent  entry  into  the  ketone  molecule  takes 
place,  then  the  presence  of  an  equimolecular  quantity  of  hydrogen  is  not  required  for  the  reaction. 

It  is  necessary  to  point  out  that,  in  the  present  investigation,  the  question  of  optimal  conditions  did  not  arise, 
since  it  was  important  to  examine  the  new  method  and  mechanism  of  the  synthesis  of  ketones. 

EXPERIMENTAL 

Synthesis  by  Means  of  Acetic  Acid  and  n-Butyl  Alcohol 

Preparation  of  the  catalyst.  The  catalyst  [3]  in  the  amount  of  52  g  was  applied  to  activated  carbon,  and  then 
placed  in  a  porcelain  dish  on  a  burner,  and  later  was  placed  in  a  dark  quartz  catalytic  tube. 

Synthesis  of  ester.  A  mixture  of  acetic  acid  having  a  b.p.  of  117°  and  n -butyl  alcohol  having  a  b.p.  of  117°, 
in  1:1  volume  ratio  (100  ml),  was  passed  over  the  catalyst  at  a  rate  of  25  ml  per  hour  at  380-390°,  The  clear 
catalyzate  (45  ml)  obtained  was  separated  into  fractions:  1)  60-90",  17  ml;  2)  90-110°,  12  ml;  and  3)  110-121°, 

12  nH.  From  the  first  fraction  acetone  was  separated,  and  its  2,4  -dinitrophenylhydrazone  did  not  gave  a  depression 
with  the  known  substance.  The  second  fraction,  appearing  to  be  intermediate,  contained  acetone,  water,  acetic 
acid,  and  ester.  The  third  fraction,  together  with  the  second,  was  treated  with  calcium  chloride  and  diluted  with 
a  soda  solution.  After  fractional  distillation,  approximately  equal  quantities  of  the  butyl  esters  of  acetic  acid,  (IV) 
and  (V)  were  formed. 

Sec-butyl  ester  (IV):  b.p.  117°;  0.8745;  ni5  1.3881;  MRd  31.82.  calculated  31.35. 

n-Butyl  ester  (V):  b.p.  124-126°;  d**  0.8862;  nj^  1.3941;  MRp  31.34,  calculated  31.35. 

Synthesis  of  ketones.  A  mixture  of  acetic  acid  and  n-butyl  alcohol  in  a  1:1  volume  ratio  was  passed  over 
the  catalyst  at  475  -485°  at  a  rate  of  15-18  ml  per  hour,  in  a  quantity  of  220  ml.  The  light-brown  catalyzate  (70 
ml)  obtained  was  treated  vrith  calcium  chloride  and  distilled  from  a  column.  As  a  result.  35*70  of  methyl  sec -butyl 
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ketone  (X)  and  traces  of  methyl  butyl  ketone  (XI)  were  separated.  The  excess  of  acetic  acid  was  converted  to 
acetone. 

Acetone  b.p.  57-65*;  2.4-dinittophenylhydrazone  m.p.  126*;  mixed  sample  depression  not  given. 

Methyl  sec-butyl  ketone  (X):  b.p.  118*;  di*  0.8100;  np  1.399;  MRp  29.60,  calculated  29.92;  2,4-dinitro- 

phenylhydrazone  m.p.  144-145*. 

Methyl  butyl  ketone  (XI):  b.p.  125-127*;  2.4-dinitrophenylhydrazone  m.p.  107°.  Mixed  sample  depression 

not  given. 

Synthesis  of  ketones  starting  from  acetyl  chloride  and  ethyl  bromide.  A  mixture  of  acetyl  chloride  and 
ethyl  bromide  in  a  1:1  volume  ratio  (almost  equimolecular)  was  passed  over  the  catalyst  (20  g).  applied  to  asbes¬ 
tos  wool.  Previously,  the  catalyst  tube  had  been  treated  with  a  current  of  hydrogen  at  450°  to  remove  water. 

a)  Experiment  without  hydrogen.  We  passed  50  ml  of  a  mixture  of  acetyl  chloride  and  ethyl  bromide  at 
410-430*  at  a  rate  of  25  ml  f)er  hour.  The  catalyzate  (7  ml)  obtained  consisted  of  2.5  ml  of  ethyl  bromide  and  4 
ml  of  acetyl  chloride.  No  other  products  were  separated.  The  catalyst  was  at  once  deactivated  as  a  result  of  car¬ 
bonization  and  deposition  of  resinous  substances. 

b)  Experiment  with  hydrogen.  We  passed  50  ml  of  the  same  mixture  at  410-430*  at  a  rate  of  15  ml  per  hour 
in  the  presence  of  hydrogen  (the  quantity,  equimolecular  content  of  C2H5Br).  We  obtained  20  ml  of  catalyzate, 

IQPJo  of  which  consisted  of  methyl  ethyl  ketone,  b.p.  80-82°;  2,4-dinitrophenylhydrazone  m.p.  116-117°;  no  depres¬ 
sion  was  given  for  mixed  sample.  Judging  by  the  decolorization  of  bromine  water,  apparently  methyl  vinyl  ketone 
was  present  in  the  form  of  traces.  The  bromine  derivative,  present  in  very  small  quantity,  was  not  determined. 

The  remaining  30^  of  the  catalyzate  consisted  of  unreacted  initial  products. 

SUMMARY 

1.  The  feasibility  of  the  catalytic  synthesis  of  esters  and  ketones  from  aliphatic  alcohols  and  acids  (acetic 
acid  and  n -butyl  alcohol)  over  chrome -manganese  catalysts  was  established,  and  a  scheme  was  given  for  these  reac¬ 
tions. 

2.  For  die  first  time,  the  feasibility  of  catalytic  synthesis  of  ketones  from  acid  halides  and  alkyl  halides 
(acetyl  chloride  and  ethyl  bromide)  was  established,  and  a  scheme  was  given  for  the  reaction. 

3.  It  was  shown  that  the  initial  stages  of  the  mechanism  of  formation  of  esters  and  ketones  from  mixtures 

of  acids  and  alcohob  a-e  aialogous  to  die  initial  stages  of  formation  of  ketones  from  acid  halides  and  alkyl  halides. 
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CATALYTIC  PRODUCTION  OF  MIXED  KETONES 


FROM  PRIMARY  ALCOHOLS 

I,  KETONIZATION  OF  A  MIXTURE  OF  ETHYL  AND  n -BUTYL  ALCOHOL 
B.  N.  Dolgov  and  G,  V.  Golodnikov 


Recently,  methods  for  obtaining  ketones  from  primary  alcohol  shave  been  developed.  The  basis  of  this  in¬ 
vestigation  was  the  work  of  Klyukvin  and  Ipatyev  [1],  who  discovered  acetone  and  methyl  ethyl  ketone  in  the  crack¬ 
ing  products  of  ethyl  alcohol.  In  order  to  account  for  their  formation,  the  authors  proposed  several  schemes,  and  in¬ 
dicated  the  possibility  of  the  intermediate  formation  of  aldol. 

Kagan,  Podutovskaya,  Klimenkov,  Sobolev  and  Lubarsky  studied  the  production  of  acetone  from  ethyl  alcohol, 
using  different  catalysts  [2-4],  and  proposed  a  reaction  mechanism  providing  for  the  intermediate  formation  of  alde¬ 
hyde  and  ester: 

4C2H5OH  4CH8CHO  +  4H2 
4CH3CHO  — ►  2CH3COOC2H5 
2CH3COOC2H5  — ^  CH3COCH3  +  C2H4  +  C02  +  C2H5OH 
3C2H5OH  -►  GHjCOCHs  +  C2H4  +  COj  +  4H2 

The  experimental  data  presented  by  the  authors  permit  the  conclusion  that  their  scheme,  analogous  to  that 
of  Sabatier,  seems  to  be  extremely  feasible.  However,  the  reasons  presented  are  clearly  insufficient  for  complete 
clarification  of  the  subsequent  conversion:  alcohol  — ►  aldehyde  — ►  ester  — >•  ketone. 

In  1941-1946  Komarewsky,  with  his  coworkers  published  a  series  of  reports  devoted  to  the  production  of 
ketones  by  passing  the  vapors  of  primary  alcohols  or  their  mixtures  over  chromium  oxides  at  400  -450°  [5-7].  The 
goundless  attempt  by  these  authors  to  represent  these  reactions  as  "new  reactions"  should  be  pointed  out.  since  the 
given  process  was  discovered  and  studied  by  Soviet  chemists  as  early  as  1932-1935.  The  aldol  reaction  mechanism 
that  they  piopose  also  does  not  appear  to  be  new  —  it  was  pioposed  in  1924  by  Klyukvin  and  Ipatyev.  The  evidence 
for  the  aldol  scheme  is  not  sufficiently  conclusive,  since  the  proposed  intermediate  products  (aldol  and  secondary 
alcohols)  are  not  observed  in  the  reaction  products.  Finally,  the  method  proposed  for  obtaining  the  ketones  is  high¬ 
ly  inconvenient,  since  the  rate  of  carrying  out  the  reaction  should  be  very  small  (4-5  ml  of  alcohol  per  hour  over 
119  ml  of  catalyst,  or  a  volume  rate  of  10-12). 

Beginning  with  1946,  the  ketonization  reaction  of  primary  alcohols  was  studied  by  the  Department  of  Organic 
Chemistry  of  the  Leningrad  State  University.  B  N.  Dolgov  and  B.  A.  Bolotov  found  and  studied  a  series  of  very  ac¬ 
tive  copper  catalysts,  which  permitted  the  reaction  to  be  conducted  at  ’•elatively  low  temperatures  (275-375°) 
and  at  large  volume  rates  (100-200)  to  obtain  an  extremely  high  yield  of  ketones  (up  to  8QPJ0)  [8,  9].  The  reaction 
was  studied  using  primary  alcohols  of  the  normal  and  iso -structures  having  chain  lengths  of  2  to  6  carbon  atoms 
All  the  alcohols,  except  ethyl,  give  on  ketonization  only  the  corresponding  symmetrical  ketones,  having  to— 1 
carbon  atoms,  where  n  is  the  number  of  carbon  atoms  in  the  molecule  of  the  initial  alcohol.  From  ethyl  alcohol 
and  acetone  a  mixture  of  ketones  —  methyl  propyl  ketone  (up  to  19^o  of  the  initial  alcohol),  and  methyl  amyl  ket¬ 
one,  etc.  —is  obtained  at  325-375°. 

The  formation  of  methyl  propyl  ketone  supposedly  proceeds  according  to  the  scheme: 

CHjCOCHj  +  CHgCHO  — ►  [CH3C(X:H2CH0HCH5]  — CHjCOCHjCHjCHs. 

+  H2 

Until  now  no  method  for  obtaining  mixed  aliphatic  ketones  from  mixtures  of  primary  alcohols  had  been 
developed.  We  attempted  to  determine  those  conditions  of  reaction  (temperature,  time  of  contact,  composition 
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of  the  mixture,  presence  or  absence  of  hydrogen,  etc.),  for  which  the  chief  product  would  be  the  mixed  ketone,  and 
for  which  the  yield  of  symmetrical  ketones  would  be  reduced  to  a  minimum.  For  carrying  out  the  work  we  followed 
the  ester  scheme,  in  which  the  proposed  intermediate  products  —  aldehydes  and  esters  —  were  invariably  observed 
in  the  reaction  products  The  copper  activated  catalyst  wc  used  .  seems  to  have  been  the  most  effective  of  all  the 
catalysts  found  by  Dolgov  and  Bolotov  during  their  study  of  the  ketonization  of  individual  primary  alcohols  [8]. 


TABLE  1 


Tempera¬ 

1  Yield  (in  7°  of  the  initial  mixture) 

ture  of  the 
expts. 

j  acetone 

methyl  propyl 
ketone 

dipropyl  ketone  butyric  aldehyde 

ester 

ethyl  alcohol 

butyl 

alcohol 

1:1  molar 

275° 

0.0  ' 

!  8.4 

0.0 

I 

13.1 

3.0 

1  19.8 

300 

:  2.7  ; 

12.8 

7.5 

- 

5.6 

1.2  ! 

!  3.2 

325 

!  1.8  j 

18.6  ' 

16.6 

2.8  j 

5.2 

0.0 

1  6.4 

350 

;  4.5  j 

15.2  1 

11.0 

-  j 

1  7.2 

0.0 

0.0 

375 

0.0  1 

5.3  : 

10.5 

3.2 

3.3 

2.5 

13.7 

1:2  molar 

275  ] 

0.0 

3.0  ■ 

4.2 

4.5 

18.2 

5.0 

24.9 

300  i 

I  1.2 

7.6 

7.5 

5.3 

14.1 

1.9 

15.0 

325 

0.0 

10.8  I 

9.6  j 

2.4 

!  7.5 

2.7 

9.0 

350 

i  0.0  i 

13.7  I 

16.0  1 

2.6 

4.4  1 

!  0.0 

6.0 

375 

:  0.0  i 

11.7  i 

17.3  1 

3.7 

2.6 

1  0.9 

3.3 

2:1  molar 


|l 

275 

0.0 

4.3 

0.5 

6.2 

1  26.6 

13.9 

4.0 

1  * 

1  1 

300 

0.0 

14.7 

1.7 

4.4 

17.0 

2.8 

4.6 

1  i 

325 

0.0 

22.4 

2.5 

1.9 

3.8 

3.0 

1.3 

1  1 
t  1 

350 

0.0 

21.0 

8.4 

2.7 

2.3 

3.6 

1.6 

375 

0.0 

18.5 

11.2 

6.0 

‘  3.0 

3.5 

1.4 

1  1 

1  1 

I  1 

3:1  molar 

1  * 

1  » 

1* 

325 

7.4 

19.9 

4.9 

0.2 

1  1.1 

3.0 

4.6 

1# 

1  J 

5:1  molar 

325 

8.0 

19.5 

2.0 

0.1 

1  1.0 

4.0 

2.3 

In  the  present  article  we  consider  experiments  carried  out  using  mixtures  of  ethyl  and  n- butyl  alcohols,  which 
were  teacted  in  the  presence  of  additional  hydrogen  added  in  1:1  molar  ratios  to  the  alcohol  mixture,  since  it  was 
found  that  the  addition  of  hydrogen  increases  the  yield  of  ketones  and  promotes  the  preservation  of  the  activity  of 
the  catalyst  [8].  The  conditions  and  results  of  the  experiments  are  presented  in  Tables  1,  2  and  3. 

It  is  evident  from  the  data  of  Table  1  that  the  most  favorable  temperature  for  yields  of  the  mixed  ketone, 
methyl  propyl  ketone,  is  325°,  which  is  clear  from  the  experiments  using  mixtures  of  ediyl  and  butyl  alcohols  in 
1:1  molar  ratios,  carried  out  at  uniform  flow  rates  (volume  rate  of  150). 

The  largest  yield  of  methyl  propyl  ketone  was  obtained  at  2:1  molar  proportions  of  ethyl  and  butyl  alcohols 
(on  further  increase  of  the  ethyl  alcohol  content  in  the  mixture  to  3  to  5  moles  per  mole  of  butyl  alcohol,  some 
decrease  of  the  yield  of  methyl  propyl  ketone  and  the  app)earance  of  the  symmetrical  ketone,  acetone,  in  the  reac¬ 
tion  products  occurs).  These  experiments  (Table  1)  were  carried  out  at  different  temperatures  (from  275  to  375°) 
and  at  a  constant  volume  rate  (150). 

From  the  results  of  the  experiments  using  mixtures  of  alcohols  in  molar  proportions  of  2:1,  it  follows  that  the 
yield  of  ester  decreases  with  an  increase  of  temperature.  For  methyl  propyl  ketone  there  is  a  maximum  at  325°, 
which  corresponds  to  a  minimum  for  butyric  aldehyde.  These  data  indicate  the  advantage  of  assuming  the  inter¬ 
mediate  formation  of  aldehydes  and  esters  during  the  formation  of  mixed  ketones  from  alcohols. 
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As  increase  of  the  volume  rate  from  100  to  200  did  not  have  any  essential  effect  on  the  yields  of  methyl 
propyl  ketone  (Table  2),  as  is  evident  from  the  experiments  using  mixtures  of  ethyl  and  butyl  alcohols  (2:1  molar) 
at  325'.  However,  a  further  increase  of  the  volume  rate  to  300  decreases  the  yield  of  methyl  propyl  ketone  by  a 
factor  of  1.5.  With  a  decrease  of  the  time  of  contact,  the  quantity  of  butyric  aldehyde  and  ester  increases,  since, 
apparently,  die  time  of  contact  becomes  insufficient  for  the  further  conversion  of  the  aldehyde  and  ester. 


TABLE  2 


Volume 

Yield  (in®/o  of  the  initial  mixture) 

rate 

acetone 

methyl  propyl  ' 
ketone 

dipropyl  ketone 

butyric  aldehyde 

ester 

ethyl  alcohol  j 

butyl  alcohol 

1 

57 

1 

I  1.6 

17.8  ^ 

7.2 

1 - 

0.9 

1.7 

4.3 

0.0 

98 

22.0 

7.0 

1.4 

4.4 

3.0 

1.7 

152 

mSm 

22.4 

2.5 

1.9 

3.8 

3.0 

1.3 

198  j 

■■ 

19.6 

6.5 

4.8 

10.4 

4.2 

3.6 

300 

[  2.3 

14.4 

3.3 

7.8 

12.8 

6.3 

10.0 

TABLE  3 


Conditions  of  ex¬ 
periment 

1  Yield  (in  °Jo  of  the  initial  mixture) 

acetone 

methyl  propyl 
ketone 

dipropyl  ket¬ 
one 

butyric  aldehyde 

ester 

ethyl 

alcohol 

butyl 

alcohol 

With  added  hydro- 

gen . 

0.6 

22.0 

7.0 

1.4 

4.4 

3.0 

1.7 

Without  hydrogen 

1.4 

18.1 

i 

0.0 

2.3 

9.9 

6.6 

6.0 

TABLE  4 


Initial 

Yield  fin  *7o  of  the  initial  alcohols  [mixture]) 

product 

acetone  j 

methyl  propyl 
ketone 

dipropyl  ket¬ 
one 

butyric  aldehyde 

ester 

ethyl 

alcohol 

butyl 

alcohol 

A  mixture  of  ethyl 
and  butyl  alcohols 
(2:1  molar)  .... 

0.0 

22.4 

2.5 

1.9 

3.8 

i  3.0 

1.3 

Ethyl  alcohol .  .  . 

9.7 

12.5 

— 

— 

0.8 

1  1 

— 

F  or  the  purpose  of  investigatmg  the  effect  of  hydrogen,  a  mixture  having  a  2;  1  molar  composition  was  passed 
over  a  catalyst  at  325°,  at  a  volume  rate  of  100,  i.e.,  under  optimal  conditions  for  producing  the  mixed  ketone, 
but  wi  thout  simultaneous  passage  of  hydrogen.  From  the  data  of  Table  3  it  is  evident  that  in  the  absence  of  hydro¬ 
gen  a  considerable  decrease  of  the  yield  of  methyl  propyl  ketone,  and  a  decrease  of  the  yield  of  dipropyl  ketone  to 
zero,  are  observed,  and  are  accompanied  by  a  parallel  increase  of  the  per  cent  of  butyric  aldehyde  and,  especially 
of  the  ester.  This  demonstrates  the  favorable  action  of  hydrogen  on  the  ketonization  reactions. 

Additional  experiments  were  carried  out’ using  only  one  part  of  ethyl  alcohol.  From  the  data  of  Table  4  it 
is  evident  that  from  a  mixture  of  ethyl  and  butyl  alcohols  (2;1  molar)  almost  twice  as  great  a  yield  of  methyl 
propyl  ketone  is  obtained,  as  when  only  one  part  of  ethyl  alcohol  is  used.  Consequently,  on  ketonization  of  a  mix¬ 
ture  of  alcohols,  the  larger  part  of  the  methyl  propyl  ketone  obtained  forms  because  of  the  conversion  of  the  mole¬ 
cules  of  both  alcohols,  and  only  a  smaller  part,  possibly,  is  obtained  as  a  result  of  the  conversion  of  one  part  of 
ethyl  alcohol. 


EXPERIMENTAL 

Apparatus  and  general  method  of  procedure.  The  experiments  were  carried  out  employing  the  usual  catalytic 
apparatus  for  investigating  reactions  in  the  heterogeneous  phase.  The  initial  mixture  of  alcohols  was  added  gradually 
and  continuously  to  the  catalytic  tube.  The  mixture  of  alcohols,  condensed  in  the  upper  part  of  the  tube,  was  passed 
into  the  catalyst.  The  reaction  products  passed  through  two  coils,  cooled  by  ice  water.  The  liquid  products  were 
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collected  in  receivers,  but  the  gaseous  products  passed  through  two  Tishchenko  bottles  containing  a  solution  of 
hydroxylamine  hydrochloride  (for  removing  uncondensed  aldehydes  and  ketones)  and  then  passed  into  a  graduated 
gasometer.  Calculation  of  the  rate  of  supply  of  the  initial  mixture  of  alcohols  was  made,  starting  from  the  known 
volume  rate  and  from  the  calculation  of  the  simultaneous  passing  of  hydrogen.  The  temperature  was  controlled  by 
means  of  a  ferro-constantan  thermocouple.  At  the  beginning  of  each  experiment  the  first  portion  of  condensate 
and  gas  was  rejected.  Usually  only  after  30  minutes,  when  equilibrium  of  the  supplied  mixture  was  established,  and 
die  temperature  was  indicated  accurately,  did  we  begin  the  reading  and  recording  of  the  liquid  and  gaseous  products. 

Analysis  of  the  reaction  products.  The  acidity  and  total  ester  content  were  determined  on  a  sample  of  catalyz 
ate  from  each  experiment.  Further  catalyzates  were  fractionated,  using  a  Todd  type  .  fractionating  column  hav¬ 
ing  an  efficiency  of  25  theoretical  plates.  The  fractions  obtained  were  analyzed  for  their  contents  of  ketones,  alde¬ 
hydes  and  esters.  Determination  of  the  aldehydes  was  carried  out  by  the  ammoniacal  silver  method.  The  ketone 
content  was  determined,  after  a  preliminary  test  for  aldehydes,  by  the  hydroxylamine  method.  In  the  case  of  si¬ 
multaneous  f)resence  of  ketones  and  aldehydes  in  a  fraction,  the  aldehydes  were  determined  as  usual  by  the  am¬ 
moniacal  silver  method,  and  the  sum  of  aldehydes  and  ketones  was  determined  by  the  hydroxylamine  method;  the 
ketone  content  was  then  determined  by  difference.  The  ester  content  was  determined  by  saponification  of  a  neu¬ 
tralized  weighed  portion  of  sample  using  a  0.1  N  alcoholic  solution  of  KOH,  and  back -titrating  the  excess  alkali 
with  0.1  N  HCl.  Calculations  were  made  for  the  ester,  corresponding  to  the  boiling  point  of  the  given  fraction. 

When  two  or  three  esters  were  present  in  a  fraction,  the  calculation  was  made  for  the  ester  having  the  lowest  molec¬ 
ular  weight  The  fractional  distillations  and  analyses  of  the  fractions  served  as  a  basis  for  calculation  of  the  yields 
of  tile  reaction  products. 

During  all  the  experiments,  the  quantity  of  gas  liberated  was  measured.  Gas  analyses  were  made  using  a 
gas  analyzer  of  the  VTI  system. 

KetonlzatiOTi  of  a  mixture  of  ethyl  and  n -butyl  alcohols.  For  the  work  we  used  commercial  ethyl  alcohol  — 
fractionally  distilled  {QSFjo),  d“  0.805,  and  n -butyl  alcohol,  which  after  drying  over  Na^SO^  and  distilling,  had  a 
b.p.  of  116.5-118.0“;  d^*  0.806  and  np  1.3997. 

The  liquid  condensate  from  each  experiment  was  fractionated.  Usually  on  fractionation,  the  following  frac¬ 
tions  were  obtained:  1)  54-60“,  2)  60-80“,  3)  80-100“,  4)  100-105“,  5)  105-118“,  6)  119-130“,  7)  130-140“,  8)  140- 
146“,  and  9)  146-170“;  residue  (above  170*).  The  fractions,  from  all  the  distillations,  which  had  identical  boiling 
poinfi  were  combined,  after  being  analyzed  for  their  ketone,  aldehyde  andcester  contents,  and  fractionally  distilldd 
for  the  purpose  of  separating  the  individual  substances  and  identifying  them. 

The  first  fraction- contained  acetone,  which  was  separated  and  identified: 

B.p.  56.0-56.3“;  ng  1.3589;  df  0.7916. 

Literature  data:  b.p.  56“;  n^  1.3590;  d**  0.7912.  p-Nitrophenylhydrazone:  m.p.  148.0-148.5“  (in  litera¬ 
ture  148-149°). 

Found ‘7o:  N  21.90.  C^HuO^N,.  Calculated  <70:  N  21.76. 

The  second  fraction  contained  ethyl  acetate,  which  was  determined  by  saponification;  butyric  aldehyde, 
which  was  determined  by  the  ammoniacal  silver  method;  and  ethyl  alcohol,  the  content  of  which  was  calculated 
by  difference. 

In  the  tfiird  fraction  the  content  of  butyric  aldehyde  was  also  determined  by  the  ammoniacal  silver  method; 
methyl  propyl  ketone  was  calculated  by  difference  using  the  hydroxylamine  method. 

The  fourth  fraction  represented  almost  pure  methyl  propyl  ketone,  which  was  isolated  and  identified: 

B.p.  101.8-102.r;  ng  1.3902;  df  0.8090. 

Literature  data:  b.p.  102.3“;  ng  1.39012;  df  0.80639. 

Found:  M  85.0,  84.5.  CsH^oO.  Calculated:  M  86. 

The  semicarbazone  after  three  recrystallizations  had  a  m.p.  of  111-112“  (in  the  literature  112“). 

Found  <70:  N  29.60.  C^uONj.  Calculated  <7o:  N  29.37. 

The  fifth  fraction  consisted  chiefly  of  unreacted  butyl  alcohol;  it  also  contained  some  methyl  propyl  ketone. 


The  sixth  fraction  contained  not  more  than  2-3^o  by  weight  of  condensates  and,  according  to  the  analysis, 
contained  esters,  probably  ethyl  butyrate  (b.p.  121.6“)  and  butyl  acetate  (b,p.  126.2“),  but  it  was  not  investigated 
carefully. 

The  seventh  fraction,  appearing  to  be  intermediate,  contained  no  more  than  by  weight  of  condensates, 
and  contained  some  dipropyl  ketone. 

The  eighth  fraction  represented  almost  pure  dipropyl  ketone  which,  by  repeated  fractionation,  was  separated 
and  identified: 

B.p.  143-144“;  nB  1.4075;  df  0.8170. 

Literature  data:  b.p.  144.1“;  nB  1.40732;  df  0.8175. 

Found;  M  112.8,  114.0.  C7H]40',  Calculated:  M  114. 

The  semicarbazone  after  two  recrystallizations  had  a  m.p.  of  133.5-134.0“  (in  literature  133“). 

Found  N  24.89.  CgHijONj.  Calculated  '^o:  N  24.56. 

The  ninth  fraction  contained  butyl  butyrate,  which  was  isolated  by  repeated  fractional  distillation  and  iden¬ 
tified: 

B.p.  165.0-166.5“;  nB  1.4073;  df  0.8700. 

Literature  data:  b.p.  166.7“;  nB  1.4087:  c|f  0.8712. 

Found:  M  140.2.  142.1.  CgHigO^.  Calculated:  M  144. 

Saponification  of  the  fraction  by  25‘7o  KOH  gave  butyric  acid,  which  was  further  converted  to  the  silver  salt. 

Found  “70:  Ag  55.41.  CgH^COOAg.  Calculated  Ag  55.36. 

The  residue  (above  170*)  contained,  according  to  analysis,  ketones  and  esters.  Further  study  of  the  residue 
was  not  undertaken. 

The  compositions  of  the  gases  from  the  experiments,  optimal  for  yields  of  mixed  ketone,  were  characterized 
by  considerable  contents  of  Hg  (80-857o).  COg  (6-7*70)  and  CO  {5-6P!o).  Olefins  and  saturated  hydrocarbons  were 
present  in  negligible  amounts. 


SUMMARY 

1.  The  advantageous  formation  of  methyl  propyl  ketone  over  activated  copper  catalyst  was  observed  using 
mixtures  of  ethyl  and  n -butyl  alcohols  in  2:1,  3:1  and  5:1  molar  proportions  at  a  temperature  of  325“  and  at  a  volume 
rate  of  100-200.  Under  these  conditions  the  yields  of  methyl  propyl  ketone  amoimted  to  20-22f7>  of  the  initial  mix¬ 
ture  of  alcohols;  the  symmetrical  ketones  formed  in  small  amounts  (acetone  0-8*70,  dipropyl  ketone  3-&’!o).  The  sum 
of  the  yields  of  the  ketones  amounted  to  30-32f7o  of  the  initial  mixture. 

2.  At  low  temperatures,  esters  were  obtained  in  good  yield  (to  2ff7>).  Ethyl  acetate  and  butyl  butyrate  were 
found  in  the  reaction  products.  Probably,  also  ethyl  butyrate  and  butyl  acetate  formed  in  small  amounts. 

3.  An  examination  of  the  relationship  of  the  yields  of  aldehydes  and  esters  to  changes  of  temperature  and 
times  of  contact,  confirmed  the  assumption  that  aldehydes  and' esters  appear  as  intermediate  products  during  the 
formation  of  methyl  propyl  ketone  from  a  mixture  of  alcohols. 

LITERATURE  CITED 

[1]  N.  Klyukvin,  V.  Ipatyev,  J.  Russ.  Chem.  Soc,,  56.  233  (1924):  Ber.,  58,  4  (1925). 

[2]  M.  Ya.  Kagan,  O.  M.  Podurovskaya,  J.  Appl.  Chem.,  5,  378(1932). 

[3]  M.  Ya.  Kagan,  V.  S.  Klimenkov,  J.  Phys.  Chem.,  3,  244  (1932). 

[4]  M.  Ya.  Kagan,  I.  A.  Sobolev,  G.  D.  Lubarsky,  Ber.,  68.  1140  (1935). 

[5]  V.  G.  Komarewsky,  I.  R.  Coley,  J.  Am.  Chem.  Soc.,  63.  700,  3269  (1941). 

[6]  V.  G.  Komarewsky,  T.  H.  Kritchewsky,  J.  Am.  Chem.  Soc.,  65,  547  (1943);  66.  1116  (1944). 


991 


[7]  V.  G.  Komarewsky,  I.  R.  Coley,  J.  Am.  Chem.  Soc.,  68,  716  (1946). 

[8]  B.  N.  Dolgov,  Herald  of  Leningrad  State  Univ.,  No.  6,  (1950);  B.  N.  Dolgov  and  B.  A.  Bolotov,  Authors’ 
Certificate,  No.  92622(1950). 

[9]  B.  N.  Dolgov,  F.  D.  Belostotskaya,  Sci.  Rep,  Leningrad  State  Univ,,  Chem.  Ser.,  No.  10  (1951). 


Received  December  26.  1953  A.  A.  Zhdanov  Leningrad  State 

University 


CATALYTIC  REDUCTION  OF  NITROBENZENE  DURING  ITS  REACTION 
WITH  HYDROCARBONS  AND  ALCOHOLS 

Yu.  K.  Yuryev  and  L.  I.  Khmelnitsky 


The  literature  data  on  the  reaction  of  nitrobenzene  with  the  paraffin  hydrocarbons  or  alcohols  is  very  limited. 
Reactions  were  described  in  which  nitrobenzene  and  p-nitrotoluene  reacted  with  ethane  in  the  presence  of  the  chro¬ 
mites  of  nickel,  cobalt  and  cadmium  at  400°,  leading  to  production  of  aniline  and  p-toluidine  [1].  On  heating 
nitrobenzene  with  isopropyl  [2]  or  benzyl  alcohol  [3]  at  100-140°  in  the  presence  of  caustic  soda,  there  was  oxida¬ 
tion  of  the  alcohols  with  the  formation  of  acetone  and  benzoic  acid,  and  reduction  of  the  nitrobenzene,  in  the  first 
case  to  aniline,  and  in  the  second  to  azobenzene.  On  boiling  a  mixture  of  benzyl  alcohol,  aniline  and  nitrobenzene 
in  the  presence  of  aluminum  oxide,  the  alcohol  was  quantitatively  oxidized  to  benzaldehyde,  which  with  aniline 
gave  azomethine  compounds  [4]. 

In  the  present  work,  the  reaction  of  nitrobenzene  with  n-butane,  and  mixtures  of  butenes  and  n-butyl  alcohol 
in  the  presence  of  chromic  oxide  on  aluminum  oxide  was  studied.  It  was  found  that  at  550°  the  mixture  of  nitro¬ 
benzene  with  n-butane  and  with  mixtures  of  butenes  gave  catalyzates  from  which,  besides  unaltered  nitrobenzene 
(lO-SPjo).  aniline  and  diphenyl  (yield  lO-fPjo  and  correspondingly  on  the  basis  of  nitrobenzene),  and  also 

small  quantities  of  naphthalene  were  obtained.  The  reaction  was  accompanied  by  strong  decomposition  with  the 
formation  of  carbon  dioxide  and  carbon  monoxide,  ammonia,  water,  hydrogen,  gaseous  unsaturated  (ethylene  and 
propylene)  and  saturated  hydrocarbons,  resins  and  carbonaceous  material. 

At  450°  a  mixture  of  butenes  with  nitrobenzene  gave  aniline  (yield  8^o),  traces  of  diphenyl  and  unaltered 
nitrobenzene  (37^0). 

In  the  absence  of  a  catalyst,  at  440°  a  mixture  of  nitrobenzene  with  n-butane  gave  aniline  (yield  4‘^o),  di- 
fiienyl  (yield  5.5^o)  and  unaltered  nitrobenzene  (ITjo). 

The  reaction  of  n-butyl  alcohol  with  nitrobenzene  in  the  presence  of  chromic  oxide  on  aluminum  oxide  at 
450°  led  to  the  production  of  aniline  (yield  33f7o)  and  diphenyl  (yield  2f7o);  the  catalyzate  also  contained  unaltered 
nitrobenzene  (27%)  and  alcohol  (12.5%). 

In  none  of  the  reaction  products  were  traces  of  the  pyrrole  compounds  observed. 

In  the  literature  there  was  no  information  on  the  formation  of  diphenyl  from  nitrobenzene  or  aniline.  It  was 
reported  that,  on  heating  above  356°  in  an  atmosphere  of  hydrogen,  nitrobenzene  decomposes  explosively,  giving 
a  carbonaceous  material;  on  addition  of  aniline,  resin -like  substances  form  [5].  If  aniline  vapors  are  passed  through 
an  incandenscent  tube,  decomposition  products  not  containing  diphenyl  are  formed  [6-10].  On  passing  aniline 
over  aluminum  oxide  at  500°,  a  small  yield  of  diphenyl  is  produced;  the  yield  of  the  latter  is  increased  consider¬ 
ably  if  there  is  previous  contact  with  hydrochloric  acid  during  the  process  [11].  In  an  atmosphere  of  hydrogen  the 
chief  reaction  products  are  benzene  (23%)  and  ammonia,  since  only  traces  of  diphenyl  form  [12]. 

In  our  experiments  the  reaction  took  place  in  an  atmosphere  of  hydrogen  (the  gaseous  reaction  products  con¬ 
tained  6-15%  of  hydrogen),  because  the  formation  of  diphenyl  can  be  expected  as  a  result  of  the  reduction  of  nitro¬ 
benzene  to  aniline,  the  splitting  off  of  the  ammonia  part  of  the  aniline  molecule  with  formation  of  the  phenyl 
radical,  and  stabilization  of  the  latter  by  forming  diphenyl  (in  the  presence  of  an  oxidizing  agent  die  addition  of 
hydrogen  and  formation  of  benzene  from  nitrobenzene  was  prevented). 

2CeH5NH2+H2-g^^^»-  CgHg -CgHg  +  2NH3. 

EXPERIMENTAL 

The  starting  materials  were:  a)  a  mixture  of  butenes,  obtained  by  dehydration  of  n-butyl  alcohol  over 
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Crj0j/Alj03;*  b)  n-butane,  containing  (in  *70):  olefins  2.3,  CO2  0.2.  CO  1.5,  1.0  and  0,4  (all  calculations  of 

yields  refer  to  94.ff7o  n-butane):  c)  n-butyl  alcdiol:  b.p.  115-116'  (747  mm);  ng  1.3983;  df  0.8108;  d)  nitrobenzene: 
b.p.  85-86"  (10  mm);  ng  1.5524;  clf  1.2033. 

Chromic  oxide  on  aluminum  oxide  (20*70  chromic  oxide)  produced  a  mixed  aqueous  solution  of  chromic  anhydr¬ 
ide  and  aluminum  oxides  [13];  dried  at  110',  it  was  placed  in  a  tube  having  an  inside  diameter  of  13  mm  [34  g 
(50  ml)  of  catalyst]  and  dried  further  in  a  current  of  air  at  450". 

Below  we  present  some  typical  experiments  from  each  series. 

Reaction  of  n-Butane  and  Nitrobenzene 

a)  Nitrobenzene  was  introduced  over  a  catalyst  in  a  current  of  n-butane,  the  rate  of  introduction  being  mea¬ 
sured  by  a  rheometer.  A  mixture  of  3515  g  (0.29  mole)  of  nitrobenzene  and  15.0  g  (0.27  mole)  of  n-butane  (1,1:1) 
was  passed  over  a  catalyst  at  550"  for  60  minutes;  the  volumetric  rate  of  introduction  of  butane  was  0.5  ml  of  liquid 
butane /ml  of  cata^t  per  hour.  The  container  was  cooled  with  a  mixture  of  ice  and  salt.  The  gaseous  reaction 
products  were  passed  into  2  wash  bottles  containing  acetic  acid  (for  absorption< of  ammonia),  and  then  were  collec¬ 
ted  in  a  gasometer  over  a  saturated  salt  solution. 

The  catalyzate  (15  g  of  an  oily  layer  and  5  g  of  an  aqueous  layer)  was  shaken  with  a  dilute  solution  of  hydro¬ 
chloric  acid  and  extracted  with  petroleum  ether  (b.p.  35-45").  Then  the  hydrochloric  acid  solution  was  alkalinzed 
and  extracted  with  ethyl  ether.  In  this  way  2  extracts  were  obtained.  (I)  containing  neutral  reaction  products  and 
(II)  containing  basic  reaction  products.  —  and  these  were  dried  over  calcined  potash. 

I.  The  residue  (5.6  g)  obtained  after  elimination  of  the  petroleum  ether,  did  not  distill  even  on  heating  to 
150";  this  indicated  the  absence  of  benzene  in  the  neutral  reaction  products.  The  following  fractions  were  separa¬ 
ted  by  distillation  in  vacuo  at  3  mm: 

First  fraction,  b.p]  58-61",  ng  1,5443  —  0.6  g;  second  fraction,  b.p.  61-62",  ng  1.5540  —2,1  g;  third  fraction, 
b.p.  62.t75".  ng  1.5630  —0.8  g;  fourth  fraction,  b.p.  75-92*.  —0.1  g;  fifth  fraction,  b.p.  92" —0.7  g;  resinous  mater¬ 
ial  —  0.9  g. 

The  second  fraction  represented  unaltered  nitrobenzene  (ff^o  of  the  original).  From  the  third  fraction,  frozen, 
we  separated  0.1  g  of  naphthalene  having  a  m.p.  of  79.5-80";  for  the  sample  mixed  with  a  known  amount  of 
naphthalene  no  m.p.  depression  was  observed.  The  fifth  fraction  was  identified  as  diphenyl*.  m.p.  69.5"  (from 
methyl  alcohol):  no  m.p.  depression  was  observed  on  mixing  the  sample  with  known  diphenyl.  The  yield,  based 
on  nitrobenzene,  was  3f7c. 

II.  The  residue  (3.6  g)  obtained  after  elimination  of  the  ether,  by  distillation  at  50-51"  (3  mm),  had 

ng  1.5861  and  represented  aniline  (2.7  g,  yield  10*70);  its  acetyl  derivative  melted  at  113.5",  and  a  sample  mixed 
witii  known  acetanilide  gave  no  m.p.  depression. 

in.  The  increase  in  weight  of  the  wash  bottles  containing  acetic  acid  (2. 0  g)  indicated  the  formation  of 
ammonia  during  the  reaction. 


TABLE 


Fraction 

No. 

Bolling  point 
at  60  mm 

ijnm 

nB 

<14 

1 _ MBd _ 

found 

calculated 

1st 

57-59" 

3.3 

1.5570 

2.1811 

26.90 

26.96 

2nd 

59-64 

3.3 

1.5270 

2.0156 

- 

- 

3rd 

64-66 

6.6 

1.5219 

1.9336 

31.84 

31.58 

The  gases,  collected  in  the  gasometer  (6420  ml  S.T.P.),  contained  (in*7o);  COj  23.3,  CO  21.6,  O2  0.6, 

Hj  5.5,  CnH2n20.6.  C1JH211+  2  28.4. 

In  two  other  such  experiments  the  gases  were  passed  through  a  wash  bottle  containing  bromine,  and  22,6  g 
of  bromides  was  obtained.  The  following  fractions  were  obtained  from  them  by  fractional  distillation:  (see  Table). 


*  Study  of  the  Raman  spectrum  of  the  dibromides  obtained  from  this  mixture  of  butenes  showed  that  «-20*7o  of  but¬ 
ene-1  and  ~80*7o  of  butene -2  enter  into  its  composition. 
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The  first  fraction  represented  1,2-dibromoethane,  the  third,  1,2-dibromopropane,  the  second  fraction  was  a 
mixture  of  both  dibromides.  Thus,  ethylene  and  proplyene  were  found  in  the  gaseous  reaction  products. 

Literature  data:  1,2-dibromoethane,  b.p.  57.9°  (60  mm)  [14];  b.p.  130.5°  (758  mm),  n^  1.53891,  dj*  2.1829 

[15];  1,2-dibromopropane,  b.p.  66.4°  (60  mm)  [14];  b.p.  141.5°  (770  mm),  nJJ  1.52006.  d^  1.9324  [15]. 

b)  A  mixture  of  17.8  g  (0.15  mole)  of  nitrobenzene  and  6.7  g  (0.12  mole)  of  butane  (1.2:1)  was  passed  through 
a  purification  tube  at  550°  for  60  minutes.  The  catalyzate  (14  g),  containing  very  little  water,  was  subjected  to 
the  treatment  described  above,  as  a  result  of  which  was  obtained;  aniline  0.5  g  [b.p,  50-51°  (3  mm),  n^  1.5865, 
yield  3.5f7o],  diphenyl  0,6  g  (m.p.  69.5°,  yield  5.5f7o),  unaltered  nitrobenzene  1.8  g  [b.p.  61-62°  (3  mm),  n^  1.5518, 
dj*  1.2022,  yield  lO^oJ, 

Reaction  of  a  Mixture  of  Butenes  with  Nitrobenzene 

A  mixture  of  54.0  g  (0,44  mole)  of  nitrobenzene  and  16.2  g  (0.29  mole)  of  a  mixture  of  butenes  (1.5:1)  was 
passed  over  a  catalyst  at  550°  for  65  minutes;  the  volumetric  rate  of  passage  of  the  mixture  of  butenes  was  0,45. 

The  catalyzate  (24  g  of  oily  layer  and  4  g  of  aqueous  layer)  was  extracted  with  ether;  then  the  ether  layer  was  dried 
over  calcined  potash.  After  elimination  of  the  ether,  the  product  did  not  give  any  distillate  even  on  heating  to  150°; 
but  by  distillation  in  vacuo,  2  fractions  were  separated:  the  first  was  liquid  (9.5  g).  boiling  at  75  to  90°  (13  mm),  and 
the  second  was  a  crystallizing  (2.5  g)  fraction  converted  at  110-125°  (13  mm),  from  which  2.0  g  (e7o)  of  diphenyl 
having  a  m.p,  of  69.5°  was  separated  by  recrystallization  from  methyl  alcohol;  no  m.p.  depression  was  observed  when 
the  sample  was  mixed  with  known  diphenyl. 

The  first  fraction  (75-90°)  was  treated  with  dilute  hydrochloric  acid,  and  then  extracted  with  petroleum  ether 
(b.p.  35-45°). 

I.  After  elimination  of  the  petroleum  ether  from  the  residue  of  the  extract  dried  over  calcined  potash  (6.1  g 
of  neutral  reaction  product),  the  residue  was  distilled  in  vacuo  and  gave  0.9  g  of  a  fraction  having  a  b.p.  of  61-63° 

(3  mm)  and  np  1.5547,  4.1  g  of  a  fraction  having  a  b.p.  of  63°  (3  mm)  and  np  1.5615,  and  0.8  g  of  resinous  sub¬ 
stance.  By  freezing  the  second  fraction,  0.2  g  of  naphthalene  having  a  m.p.  of  79.5-80°  was  obtained;  no  m.p.  de¬ 
pression  was  observed  when  the  sample  was  mixed  with  known  naphthalene.  Thus,  the  first  and  second  fractions 
represented  a  mixture  of  unaltered  nitrobenzene  (yield  87o)  with  naphthalene. 

n.  The  hydrochloric  acid  solution  was  alkalinized  and  extracted  with  ethyl  ether.  After  elimination  of  the 
ether  and  distillation  of  the  residue  (2.6  g)  2.0  g  of  aniline  (yield  S’Jo),  b.p.  50-52°  (3  mm)  and  np  1.5851  was  ob¬ 
tained;  its  acetyl  derivative  melted  at  113.5°,  and  the  sample  when  mixed  with  known  acetanilide  produced  no 
m.p.  depression. 

Reaction  of  n-Butyl  Alcohol  with  Nitrobenzene 

A  mixture  of  37.0  g  (0.30  mole)  of  nitrobenzene  and  22.2  g  (0.30  mole)  of  n-butyl  alcohol  (1:1)  was  pas-ced 
over  a  catalyst  at  450°  for  60  minutes;  the  volumetric  rate  of  introduction  of  the  alcohol  was  0. 55.  The  exit  gases 
were  passed  through  wash  bottles  containing  acetic  acid,  30^o  solution  of  caustic  potash,  bromine  and  a  solution  of 
caustic  potash. 

The  catalyzate  (42  g)  containing  7  g  of  aqueous  layer  and  poorly  separated,  was  treated  just  as  in  the  experi¬ 
ment  with  n -butane. 

I.  From  the  part  of  the  catalyzate  (16.9  g)  which  was  insoluble  in  hydrochloric  acid  solution,  the  follovmig 
fractions  were  obtained  by  distillation  in  vacuo;  first,  b.p.  59°  (55  mm),  n^  1.4156  —2.8  g;  second,  b.p.  54-56° 

(2  mm),  n^  1.5548,  dj*  1,2028  —9.9  g;  third,  b.p.  104-108°  (2  mm)  — 1.2  g;  fourth,  b.p,  108-150°  (2  mm)  — 1,4  g: 
resinous  substance  1.2  g. 

The  first  fraction  represented  unaltered  alcohol  (12.97o),  containing  a  mixture  of  nitrobenzene,  n -Butyl -3,5- 
dinitrobenzoate,  obtained  by  reaction  of  3,5-dinitrobenzoyl  chloride,  melts  at  62.0-62.5°;  no  m.p.  depression  was 
observed  when  the  sample  was  mixed  with  known  n-butyl-3,5-dinitrobenzoate.* 

The  second  fraction  represented  unaltered  nitrobenzene  (27*70).  The  third  fraction, on  dilution  with  a  small 
amount  of  methyl  alcohol  and  cooling  with  dry  ice,  gave  0.5  g  of  diphenyl  (yield  27>),  having  a  m.p.  of  69.5°; 
no  m,p.  depression  was  observed  when  the  sample  was  mixed  with  known  diphenyl.  The  fourth  fraction  was  not 
closely  studied. 

•  Literature  data  for  n-butyl-3,5-dinitrobenzoate  [16]:  m.p,  62.5°. 
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n.  From  the  part  of  the  catalyzate  (11.0  g)  which  was  soluble  in  hydrochloric  acid  solution,  9,3  g  of  aniline 
(yield  33’loy.  b.p.  54-55°  (4  mm),  n^  1.5852,  was  separated;  its  acetyl  derivative  melted  at  113.5°  and  the  sample 
when  mixed  with  known  acetanilide  showed  no  m.p.  depression. 

m.  For  the  wash  bottles  containing  acetic  acid  the  gain  in  weight  was  0.7  g  (ammonia);  for  the  bottles 
containing  alkali  it  was  2.3  g  (carbon  dioxide).  The  mixture  of  dibromides  (10.5  g)  obtained  by  distillation  in  an 
interval  of  130-140°  (747  mm),  as  in  the  case  described  above,  represented  a  mixture  of  1,2-dibromoe thane  and 
1,2-dibromopropane.  1,2-  and  2,3-dibromobutane,  having  higher  boiling  points:  160.3°  (760  mm)  [17]  and  157- 
159°  (760  mm)  [18],  might  be  present  here  only  as  mixture. 

In  the  other  experiments,  the  gases  were  passed  through  only  a  wash  bottle  containing  acetic  acid,  and  were 
then  collected  in  a  gasometer.  We  collected  5910  ml  (S.T.P. )  of  gas,  containing  (in‘5'o);  CO2  19.3,  CO  34.0, 

15.2,  O2  0.2,  CnH2n  18.2,  CiiH2n+  2  13.1.  A  large  amount  of  the  carbon  monoxide  can  be  accounted  for  by  oxida¬ 
tion  of  the  alcohol  to  n-butyraldehyde  and  decomposition  of  the  latter  to  carbon  monoxide  and  propane. 

SUMMARY 

1.  By  reaction  of  nitrobenzene  with  n -butane  and  witli  mixtures  of  butenes  at  450-550°,  and  also  with  n -butyl 
alcohol  at  450°  in  the  presence  of  chromic  oxide  on  aluminum  oxide,  part  of  the  nitrobenzene  was  reduced  to  anil¬ 
ine  (to  33^0),  and  part  of  it  remained  in  the  unaltered  form  (to  37*70). 

2.  The  formation  of  diphenyl  (to  Q’lo)  observed  in  all  cases,  depended  on  the  splitting  off  of  ammonia  from 
aniline,  which  occurred  on  reaction  with  hydrogen  in  the  presence  of  an  oxidizing  agent  —  nitrobenzene.  In  the 
presence  of  nitrobenzene  the  addition  of  hydrogen  to  the  phenyl  radical,  leading  to  benzene,  is  inhibited  and  only 
the  stabilization  of  diphenyl  proceeds. 
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INVESTIGATION  OF  THE  TRANSFORMATION  OF  PINACOLS  WITH 
SUBSTITUTED  ACETYLENIC  RADICALS 

X.  SYNTHESIS  AND  TRANSFORMATION  OF  SYMMETRICAL 
DIMETHYLPHENYLPHENYLACETYLENEETHYLENE  GLYCOL 
(3  -METHYL  -2. 5  -DIPHEN  YLPENT  YNE  -4  -DIOL  -2. 3) 

E.  D.  Venus -Danilov  and  V.  I.  Serkov 


In  connection  with  the  study  of  the  transformation  of  di-tertiary  a -glycols  of  the  acetylene  series  [1-8],  great 
interest  is  attached  to  the  synthesis  of  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  (II)  (3-methyl- 
2,5-diphenylpentyne-4-diol-2,3).  an  isomer  of  the  asymmetrical  dimethylphenylphenylacetyleneethylene  glycol 
(I)  (2-thethyl-3.5-diphenylpentyne-4-diol-2,3)  studied  earlier  by  one  of  us  [1]. 

It  was  explained  that  the  properties  and  transformations  of  these  two  pinacols,  v^ich  differ  only  in  the  posi¬ 
tion  of  the  methyl  and  phenyl  groups  on  the  hydroxyl -bearing  carbon  atoms,  are  extremely  different 

Pinacol  (I)  represents  an  excellently  crystallizing  substance  having  a  m,  p.  of  93-93.5*  [1],  which  on  heat¬ 
ing  with  3070  sulfuric  acid  isomerizes,  by  a  type  of  acetylene -allenic  rearrangement  [9],  to  5, 5 -dimethyl -2,4- 
diphenyl  -2-hydroxydihydrofuran  -2,5  (III). 

Pinacol  (II)  easily  undergoes  thermal  decomposition;  on  reaction  with  sulfuric  acid  it  brings  about  neither 
acetylene -allenic  nor  pinacolinic  rearrangement,  but  the  cleavage  of  pinacol  with  the  formation  of  phenylvlnyl- 
acetylene  (IV)  and  acetophenone  is  observed. 


CH,  ^CjHs 

^COH-COH 

CH(  XC^C-CgHg 

(I) 


CeHg  /CHg 

>COH-COH 


CjHg-C 

CH 


=CH 


CH 


-C=C-C«Hc 


CH,  I  I  /CgH, 

yc  c<' 

CH,^  \  X  N)H 
(lU) 

CgHg  -C = C  -CH=  CH,  +  CHjCOCeHj 
(IV) 


(H) 


We  obtained  3-methyl-2.5-diphenylpentyne-4-diol-2,3  from  phenylacetylene  and  methylphenylacetyl- 
carbinol  by  the  lotsich  method.  The  carbinol  was  prepared  from  diacetyl  and  phenyl  magnesium  bromide.  It 
is  interesting  that  the  attempt  to  introduce  the  phenylacetylene  radical  into  the  diacetyl  at  first,  and  later  into 
the  acetylenic  ketoalcohol  (3-methyl-5-phenylpentyn-4-ol-3-one-2)  was  not  successful;  the  acetylenic  ketoalcohol 
[10]  was  produced  in  good  yield,  but  did  not  react  with  the  phenyl  magnesium  bromide. 

The  synthesized  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  (II)  was  carefully  purified  of 
the  contaminant,  phenylacetylene,  and  took  the  form  of  a  viscous,  transparent,  slightly  tinted  mass,  not  crystall¬ 
izing  over  long  periods  of  standing.  It  is  possible  that  the  crystallization  is  inhibited  by  the  presence  of  the  two 
diastereoisomeric  forms  —the  symmetrical  methyldiphenylphenylacetyleneethylene  glycol  [5],  which  does  not  cry¬ 
stallize  during  long  periods  of  storage,  and  symmetrical  methyldiphenyltertiarybutylacetyleneethylene  glycol  [6j 
which  crystallizes  only  after  1.5  years. 

The  pinacol  was  of  sufficient  purity,  since  the  analytical  data  for  it  were  satisfactory. 
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During  an  attempt  to  distill  pinacol  in  vacuo,  it  decomposed,  whereby  about  A^Jo  of  the  methylphenylcarbmol 
(V)  was  separated,  and  it  was  contaminated  by  mixtures  of  a  small  amount  of  carbonyl  compounds,  some  diphenyl 
and  considerable  quantities  of  resin,  but  no  acetophenone  was  observed. 

Taking  into  account  the  products  of  the  thermal  decomposition  of  pinacol  (II),  it  should  be  pointed  out  that, 
in  contrast  to  the  previously  observed  thermal  decomposition  of  pinacols  of  the  acetylenic  series  [5,  6]  forming 
acetophenone  and  an  alcohol  of  the  acetylenic  series,  we  obtained  a  different  arrangement  of  hydrogen  atoms  — 
forming  methylphenylcarbinol  (V)  and,  apparently,  negligible  amounts  of  a  ketone  of  the  acetylenic  series  (VI): 

CeHsv  /-CH3 

^COH-COH 

CH,/  '\c=C-C6H5 

(ID 

The  cleavage  of  pinacol  is  different  vdien  it  reacts  witii  sulfuric  acid.  On  heating  pinacol  (II)  with  ZQPlo 
sulfuric  acid  we  obtained  acetophenone  and  phenylvinylacetylene  (IV),  the  structure  of  which  was  demonstrated  by 
its  ozonolysis  with  the  formation  of  benzoic,  oxalic  and  formic  acids.  The  properties  of  the  hydrocarbon  obuined 
are  analogous  to  the  properties  of  the  vinylalkylacetylene,  R— C=C— CH=CH2,  described  by  Petrov  and  Leporskaya 
[11]  and  foreign  chemists  [12,  13].  Similar  to  this  substance,  phenylvinylacetylene  shows  an  increase  of  its  molec¬ 
ular  refraction  and  does  not  polymerize  on  standing. 

The  question  concerning  the  formation  of  this  hydrocarbon  deserves  attention.  Phenylvinylacetylene  (IV) 
may  be  formed  from  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  (II),  as  a  result  of  its  ketonic  de¬ 
composition  forming  acetophenone  and  a  secondary  acetylenic  alcohol  —  methylphenylacetylenecarbinol  (VII), 
which  on  dehydration  in  acid  medium  forms  the  hydrocatbon  (IV): 

(H)  CH3-CO-C6H5+  CH3-CH0H-C=C-C8H5  -►  (IV). 

(VH) 

It  is  more  probable,  however,  that  at  the  beginning,  the  dehydration  of  pinacol  (II)  proceeds  because  of  the 
hydrogen  of  die  methyl  groups,  to  which  the  phenylacetylenic  radical  is  joined.  The  alcohol  (VIII)  forming  in  this 
case  may  be  further  decomposed  to  acetophenone  and  phenylvinylacetylene: 

CH, 

(U)  — ►  \C0H-C  — ►  (VI)  +  CHjCOCeHs. 

'^C=C-CeHs 

(vni) 

On  die  hypothesis  concerning  die  initial  formation  of  the  eninic  alcohol  (Vni):  we  consider  it  plausible,  .tak¬ 
ing  into  account  the  inability  of  pinacol  (II)  to  give  acetophenone  during  thermal  decomposition,  the  large  mobil¬ 
ity  of  the  hydroxyl  in  the  a  -position  at  the  triple  bond  [14-17],  and  also  the  experimental  data  of  Favorskaya  and 
Zakharyevskaya  [18]  from  the  study  of  the  transformation  of  symmetrical  dimediylisobutylacetyleneethylene  glycol. 

In  order  to  explain  the  mechanism  of  the  formation  of  phenylvinylacetylene  and  to  confirm  the  assumption 
of  the  primary  formation  cfthe  eninic  alcohol,  we  explored  the  action  of  30^o  sulfuric  acid  on  methylphenylacetyl¬ 
enecarbinol*  (Vn)  on  heating.  Thus,  ethylideneacetophenone  (IX).  and  not  phenylvinylacetylene  (IV)  was  formed. 
The  obtalnment  of  ethylideneacetophenone  may  be  explained  by  the  acetylene -allenic  rearrangement  of  the  methyl¬ 
phenylacetylenecarbinol  through  the  enol  form  of  this  ketone: 

CHj-CHOH^^cic-CeHs  — CHj-CH=C=C-C,H5  — ►  CH,-CH=CH-CO-CsHs 
(VII)  OH  (IX) 

Similar  isomeri2:ation  of  the  acetylenic  alcohols  has  been  sporadically  described  in  the  literature  [19-22]. 
Consequently,  methylphenylacetylenecafbinol  is  not  dehydrated  by  the  action  of  3V}o  sulfuric  acid,  which  refutes 
our  first  assumption  concerning  the  order  of  formation  of  acetophenone  from  methylphenylacetylenecarbinol  (VII). 

•  The  methylphenylacetylenecarbinol  was  given  to  us  by  L.  A.  Pavlov,  to  whom  we  express  our  thanks. 


— ►  CH3-CHOH-C6H5+  CH3-C0-C=C-C6H5. 
(V)  (VI) 
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Phenylvinylacetylene,  together  with  acetophenone,  forms  during  the  ketonic  transformation  of  the  eninic  alcohol 
(VIII)  —  a  product  of  the  dehydration  of  pinacol  (II). 

The  work  showed  that  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  (II),  on  the  action  of 
sulfuric  acid,  does  not  form  ethylenic  y  -ketoalcohol  or  its  cyclization  product  —  substituted  hydroxydihydrofuian, 
as  occurred  for  some  of  the  pinacols  that  we  studied  earlier  [1.  2,  3.  5].  For  this  pinacol  we  did  not  observe  a  ' 
pinacolinic  transformation,  which  might  be  expected  by  analogy  widi  the  other  pinacols  of  this  series  [4-8J.  The 
only  transformation  of  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  by  the  action  of  SCPjo  sulturic 
acid  seems  to  be  dehydration  with  subsequent  ketonic  decomposition.  It  is  possible  that  under  more  mild  reaction 
conditions,  eninic  alcohol  (Vni)  or  other  products  might  be  obtained. 

Consideration  of  the  properties  and  transformations  of  3-methyl-2,5-diphenylpentyne-4-diol-2.3-(II)  again 
emphasizes  clearly  that  the  stability  of  the  acetylenic  pinacol  molecules,  and  their  transformations,  depends  on 
the  mutual  intramolecular  phenomena  of  tlie  radicals,  and  on  their  arrangement  in  the  molecules, 

EXPERIMENTAL 

I.  Production  of  3  -  Me  th  yl  -  2, 5  -  di  phe  n  ylpen  t  yne -4 -d  iol  -  2,  3  (S  /mmetrical 
Dimethylphenylphenylacetyleneethylene  Glycol) 

Pinacol  was  synthesized  from  methylphenylacetylcarbinol  and  phenylacetylene  magnesium  bromide. 

The  most  convenient  method  of  obtaining  methylphenylacetylcarbinol  was  by  the  reaction  of  diacetyl  (1 
mole)  with  phenyl  magnesium  bromide  (1  mole).  The  yield  was  39^o: 

B.p.  93-95“  (5  mm);  semicarbazone:  m.p.  181*.  Literature  data:  b.p.  126-127"  (12  mm):  semicarbazone: 

m.p.  182-183“  [23-24]. 

The  melting  point  of  a  mixture  of  the  semicarbazone  obtained  with  the  known  semicarbazone  showed  no  m.p. 
depression. 

Several  experiments  on  the  production  of  symmetrical  dimethylphenylphenylacetyleneethylene  glycol  (II) 
were  carried  out,  and  they  gave  similar  results.  We  present  one  of  the  experiments.  Into  phenylacetylene  mag¬ 
nesium  bromide,  obtained  from  6  g  of  magnesium,  27  g  of  ethyl  bromide,  and  26  g  of  phenylacetylene.  an  ether 
solution  of  21  g  of  methylphenylacetylcarbinol  was  poured.  The  reaction  proceeded  quietly  with  external  cool¬ 
ing  with  cold  water.  After  the  usual  decomposition  of  the  magnesium  complex,  recovery  of  the  reaction  product 
and  elimination  of  the  excess  of  phenylacetylene  with  water  vapor,  a  viscous,  yellow  mass  was  obtained,  and  it 
gave  a  positive  reaction  with  methyl  magnesium  iodide,  and  decolorized  an  aqueous  solution  of  potassium  permang- 
nate  and  bromine  in  chloroform.  On  heating  with  potash  by  the  method  of  Babayan  [25]  at  185",  decomposition 
with  separation  of  phenylacetylene  (the  precipitate  obtained  with  an  ammoniacal  solution  of  silver  oxide)' began. 

0.1196  g  sub.:  0.3552  g  COj;  0.0779  g  HjO.  0.0550  g  sub.:  9.7  ml  CH^  (21",  758  mm).  0.1618  g  sub.: 

11.53  g  benzene:  At  0.27".  Found  °Jo:  C  81.03;  H  7.23;  OH  12.3;  number  of  OH-groups  1.9:  M  261. 

C18H18O2.  Calculated  <^0:  C  81.20;  H  6.77;  OH  12.7;  number  of  OH-groups  2.0;  M  266. 

On  distillation  of  pinacol  under  vacuum  it  decomposed,  beginning  at  a  bath  temperature  of  about  140". 

The  following  fractions  were  obtained: 

First  fraction,  b.p.  at  84"  (3  mm),  several  drops;  second  fraction,  b.p.  84-87“  (3  mm),  36^  of  the  initial 
quantity;  third  fraction,  b.p.  100-110“  (3  mm),  a  small  quantity  of  liquid  and  solid  substances;  residue  —  resin. 

4^0  of  the  initial  substance. 

The  first  fraction  did  not  produce  a  turbidity  with  a  solution  of  2.4-dinitrophenylhydrazine;  the  third 
corresponded  to  diphenyl,  with  m.p.  of  62*  (mixed  sample);  the  second  fraction  on  redistillation  boiled  at  84-85" 
(3  mm),  (np  1.5362)  and  gave  very  little  of  the  higher  boiling  substance. 

9.16  mg  sub.;  2.63  mgC02;  0.71  mgHjO.  0.0500  g  sub.:  8  ml  0^4  (13".  774  mm).  0.1622  g  sub.;  12.21  g 

benzene:  At  0.45".  Found  <70:  C  78.62;  H  8.61;  OH  11.6;  number  of  OH-groups  0.82;  M  147.  CgHuO.  Cal¬ 
culated  <^0:  C  78.70;  H  8.20;  OH  13.8;  number  of  OH-groups  1;  M  122. 

According  to  the  literature  data  for  methyli^ienylcarbinol  [26]:  b.p.  85"  (5  mm),  n^  1.5211. 

The  substance  reacted  energetically  with  methyl  magnesium  iodide,  but  not  especially  rapidly  with  an 
aqueous  solution  of  potassium  permanganate  and  with  bromine  in  chloroform. 
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On  standing  with  a  solution  of  2,4-dinitrophenylhydrazine.  a  very  small  precipitate  separated  (especially  from 
the  fraction  boiling  above  85°  at  3  mm,  on  redistillation).  Because  of  the  small  quantity  of  this  substance,  its 
purification  was  not  successful;  in  determining  the  m.p.,  we  observed  decomposition  at  210°. 

During  decomposition  of  the  substance  under  vacuum,  acetophenone  was  not  observed  from  the  reaction  with 
2,4-dinitrophenylhydrazine  either  in  the  first  fraction  having  a  boiling  point  of  up  to  84°  (3  mm),  or  on  redistilla¬ 
tion  of  the  product. 

Oxidation  of  the  substance  having  a  boiling  point  of  84-85°  at  3  mm  by  chromic  anhydride.  Into  a  solution 
of  2.5  g  of  the  substance  in  25  ml  of  glacial  acetic  acid,  a  solution  of  1.2  g  of  chromic  anhydride  in  25  ml  of  glac¬ 
ial  acetic  acid  was  poured.  The  mixture  was  heated  to  60°,  with  stirring,  for  1.5  hours.  The  greenish -brovm  solu¬ 
tion  was  diluted  with  water,  neutralized  with  soda,  and  steam  distilled.  Ether  extraction  was  used  for  recovery  of 
die  neutral  oxidation  products,  which  were  volatile  with  the  vapor.  After  removal  of  the  ether,  a  colorless,  strong¬ 
ly  refractive  liquid  (b.p.  68°  at  6  mm.  n^  1,5315)  having  the  odor  of  acetophenone,  was  obtained;  it  did  not  react 
with  methyl  magnesium  iodide  at  all.  but  gave  a  voluminous  orange -yellow  precipitate  with  2,4-dinitrophenylhydraz¬ 
ine.  The  melting  point  of  the  2,4-dinitrophenylhydrazone  was  238°  with  decomposition.  The  semicarbazone  having 
a  m.p.  of  200°  formed  from  semicarbazide.  The  2,4-dinitrophenylhydrazone  and  die  semicarbazone  did  not  produce 
a  reduction  of  the  melting  points  with  known  2.4-dinitrophenylhydtazone  and  the  known  semicarbazone  of  aceto¬ 
phenone. 

The  literature  data  for  acetophenone  [27];  b.p.  64°  at  5  mm;  np  1,5338;  2,4-dinitrophenylhydrazone  [28]: 

m.p.  250°;  semicarbazone  [28];  m.p.  198°. 

According  to  the  analytical  data,  the  oxidation  product  did  not  correspond  completely  to  pure  acetophenone. 


II.  Action  of  30*yo  Sulfuric  Acid  on  3 -Me thyl -2, 5 -diphenylpentyne -4 -diol -2, 3 


We  heated  20  g  of  pinacol  to  weak  boiling,  stirring  strongly,  v«th200  ml  of  30^0  sulfuric  acid  for  2  hours. 
From  die  acid  solution,  18  g  of  a  dark  substance  having  a  pungent  odor  was  extracted  by  ether.  The  ether  extract 
from  the  neutralized  solution  contained  no  products. 


Curve  fw  ozonization  of  phenylvinylacetylene  Concentration 
ofO,  in  ml  of  Na2S203  per  18.5  ml  entering.  TOj  0.00230  g/ml. 


The  substance  obtained  boiled  at  64-66° 
(4  mm);  at  elevated  temperatures,  distillation 
was  accompanied  by  strong  decomposition,  and 
in  the  residue  there  was  a  considerable  quantity 
of  a  resinous  substance. 

The  substance  instantly  decolorized  an 
aqueous  solution  of  potassium  permanganate, 
reacted  violently  with  bromine,  but  gave  no 
reaction  with  the  hydroxyl  group.  With  a  solu¬ 
tion  of  2,4-dinitrophenylhydrazine  a  small 
precipitate  having  a  decomposition  tempera¬ 
ture  of  232°  was  obtained,  and  its  mixture  with 
the  knovm  2.4-dinitrophenylhydrazone  of  aceto¬ 
phenone  melted  at  the  same  temperature  as  the 
known  compound. 

After  distillation  of  the  substance  over 
metallic  sodium,  it  did  not  give  turbidity  with 
a  solution  of  2.4-dinitrophenylhydrazone: 


B.p.  61-62°  at  3  mm;  dj  0.9371;  dgj  0.9257;  0.9238;  np  1.5400.  MRd  43.38.  Cu,H8r4  Calculated 

42.31;  EMRd  1.06. 


0.0901  g  sub.:  0.3092  g  CO2;  0.0521  g  H2O.  0.3122  g  sub.;  11.16  g  benzene:  At  1.06°.  Found  ®/o:  C  93.49; 
H  6.42;  M  132.  Ci,H,.  Calculated  <70;  C  93.75;  H  6.25;  M  128. 


Ozonization  of  the  substance  having  a  boiling  point  of  61 -62^  at  3  mm.  1.8  g  of  the  substance  in  35  ml  of 
chloroform  was  subjected  to  ozonization.  For  die  ozonization,  1.46  g  of  ozone  (the  theoretical  quantity  was  1.35  g) 
was  used;  after  absorption  of  0.756  g  of  ozone  for  40  minutes,  a  sharp  decrease  in  the  rate  of  ozonization  occurred. 
The  ozonization  curve  is  given  in  the  figure. 
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Traces  of  formic  acid  were  observed  from  the  acid  which  was  volatile  with  water  vapor  (reacting  with  mer¬ 
curic  chloride,  lead  acetate  and  ammoniacal  solution  of  silver  oxide). 

After  removal  of  the  formic  acid  with  ether,  benzoic  acid  having  a  m.p.  of  119*  (after  sublimation)  was  ob¬ 
tained;  it  did  not  produce  a  decrease  of  the  melting  point  with  the  known  benzoic  acid.  On  continuous  digestion 
in  the  extractor,  oxalic  acid  having  a  m.p.  of  101*  (mixed  sample)  was  obtained.  The  oxalic  acid  was  converted 
to  the  calcium  salt. 

0.1047  g  salt:  0.1122  g  CaS04.  Found ‘5’o;  Ca  31.52.  C204Ca.  Calculated ‘^o:  Ca  31.25. 

III.  Action  of  30*^0  Sulfuric  Acid  on  Methylphenylacetylenecarbinol 

We  heated  2  g  of  methylphenylacetylenecarbinol  with  20  ml  of  a  Zfflo  solution  of  sulfuric  acid  under  conditions 
analogous  to  those  used  for  the  action  of  sulfuric  acid  on  pinacol. 

The  reaction  product  was  extracted  with  ether,  and  the  extract  was  washed  with  a  soda  solution,  and  dried 
over  sodium  sulfate.  After  removal  of  the  ether,  the  substance  was  distilled  under  reduced  pressure: 

B.p.  98-99*  at  3  mm.  Literature  data  for  ethylideneacetophenone  [29]:  b.p.  114-115*  at  11  mm. 

The  substance  contained  no  hydroxyl  groups  and  displayed  unsaturated  properties. 

0.1035  g  sub.:  0.3111  g  COg:  0.0654  g  H2O.  Found  %  C  81.98;  H  7.02.  CioHi,0.  Calculated  <70;  C  82.19; 

H  6.85. 

With  2,4-dinitrophenylhydrazine.  the  substance  gave  pyrazoline(pyrazoline  reaction)  having  a  m.p.  of 
162*  (after  two  recrystallizations  from  alcohol). 

0.1060  g  sub.:  0.2276  g  CO2;  0.0431  g  H2O.  7.21  mg  sub.:  1.004  ml  Nj  (18*.  772  mm).  Found  C  58.56; 

H  4.51;  N  16.59.  C16HHO4N4.  Calculated  C  58.89;  H  4.29;  N  17.18. 

SUMMARY 

1.  A  new  pinacol  of  the  acetylenic  series  —  symmetrical  dimethylphenylphenylacetyleneethylene  glycol 
(3-methyl-2,5-diphenylpentyne-4-diol-2,3)  was  synthesized  from  methylphenylacetylcarbinol  and  phenylacetylene 
by  the  lotsich  method. 

2.  On  thermal  decomposition,  pinacol  (distillation  in  vacuo)  gave  methylphenylcarbinol,  diphenyl  and  a 
considerable  quantity  of  resins. 

3.  Pinacol,  on  the  action  of  30^o  sulfuric  acid  with  heating,  did  not  undergo  the  acetylene -allenic,  or  the 
pinacolinic  rearrangements,  but  decomposed  into  acetophenone  and  phenylvinylacetylene,  wherein  initially  a  de¬ 
hydration  with  the  formationcf  an  eninic  alcohol  proceeded,  and  then  cleavage  of  the  acetophenone  occurred. 

4.  It  was  found  that  methylphenylacetylenecarbinol  isomerizes, on  the  action  of  sulfuric  acid,  to  ethylidene¬ 
acetophenone. 
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INVESTIGATIONS  OF  CONJUGATED  SYSTEMS 


LV.  ORDER  OF  ADDITION  OF  THE  ALKYLHYPOHALOGENITES  TO 
3-CHLORO-  AND  3-BROMOHEXADIENE-1.3 

E.  A.  Le  porska  ya  .  a  nd  A,  A.  Petrov 


In  a  preceding  communication  it  was  shown  that  the  order  of  addition  of  the  alkylhypoiodites  to  the  homologs 
of  2-chIorobutadiene  of  normal  structure,  with  the  alkyl  in  the  primary  position  of  the  conjugated  system, 

(R— CH=CC1— CH=CH2),  does  not  differ  from  their  order  of  addition  to  the  unsaturated  2-chlorobutadiene:  the  addi¬ 
tion  proceeds  in  the  3,4 -position  [1]. 

It  was  of  interest  to  investigate  to  what  extent  this  rule  holds  for  analogous  formation  of  diene  systems  with 
other  halogens,  and  especially  with  other  hypohalogenites,  since  it  was  established  earlier  that  the  2-halogenbuta- 
dienes  add  the  hypohalogenites  differently:  the  hypoiodites  and  the  hypobromites  are  added  chiefly  in  the  3.4 -posi¬ 
tion,  but  the  hypochlorites  add  chiefly  in  the  1,4-position  [2], 

For  this  purpose  we  investigated  the  order  of  addition  of  the  alkylhypobromites  and  the  alkylhypochlorites 
to  3-chloro-  and  3-bromohexadiene-1.3,  and  also  the  order  of  addition  of  the  alkylhypoiodites  to  the  latter  sub¬ 
stance. 

In  each  case  it  was  possible  to  expect  the  formation  of  6  isomers; 


R  -CH = CCl  -CH(OR)  -CHjHlg 

(I). 

R-CH =CC1  -CHHlg  -CHjOR 

(H), 

R  -CHHlg  -CCl = CH  -CH2OR 

(HI), 

R-CH(OR)-CCl=CH  -CH2Hlg 

(IV). 

R-CHHlg-CCl(OR)-CH=CH2 

(V). 

R-CH(OR)-CClHlg-CH=CH2 

(VI). 

As  a  result  of  the  action  of  benzosulfodibromide  on  a  solution  of  3-chlorohexadiene  in  methyl  alcohol,  a 
product  having  a  narrow  boiling  range  was  obtained,  and  by  the  usual  method  it  was  demonstrated  that  it  had  the 
3.4 -structure  (I).  Under  the  action  of  alcoholic  alkali,  the  substance  split  off  HBr  with  the  formation  of  the  enol 
chloroether  being  studied,  which,  by  shkking  with  a  dilute  solution  of  sulfuric  acid,  was  transformed  to  an  unsatura- 
ted  chloroketone  according  to  the  following  scheme: 

C2H5-CH=CCl-CH(OCH5)-CH2Br  C2H5-CH=CCl-C(OCHj)=CHj  C2H5-CH=CCl-CO-CHj. 

Analogous  data  were  obtained  also  as  a  result  of  carrying  out  a  reaction  in  ethyl  alcohol:  the  3.4-bromo(^ 
ethers  seemed  to  be  practically  die  only  reaction  product.  The  high  boiling  fractions  in  both  cases  did  not  exceed 
1^0  of  the  initial  substance.  They  were  not  closely  studied. 

Thus,  the  quantity  of  the  1,4-products,  if  they  were  obtained  at  all,  was  considerably  smaller  here  than  in 
the  case  of  2-chlorobutadiene. 

As  a  result  of  the  action  of  benzosulfodichloroamide  on  a  solution  of  3-chlorohexadiene  in  methyl  alcohol, 
a  product  having  a  fairly  narrow  boiling  range  was  obtained,  and  its  physical  and  chemical  properties  permitted  us 
to  record  the  3,4-6tructure  for  it  also. 

1)  The  substance  boiled  at  74.5-75"  (10  mm),  i.e.,  a  total  of  8"  higher  than  the  1,4 -chloroether  obtained 
from  2-chlorobutadiene  (b.p.  65-67“  at  10  mm),  and  consequently,  might  not  be  the  same  type  as  its  homologs, 
(The  two  CH2 -groups  should  give  a  difference  in  the  boiling  point  of  no  less  than  20“.) 
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2)  Toward  alcoholic  alkali,  a  considerable  stability  was  observed.  On  standing  for  a  period  of  6  hours  with 
a  l(y7o  alcoholic  solution  of  KOH,  the  substance  lost  about  e^o  of  its  chlorine.  If  it  is  taken  into  account  that  the 
starting  material,  judging  from  the  analytical  data,  contained  dichlorides,  which  should  react  with  alkali  in  the  first 
order,  then  one  might  reach  the  conclusion  that  under  these  conditions  a  very  small  quantity  of  the  chloroether 
undergoes  decomposition. 

The  substances  having  formulas  (II-VI)  under  these  conditions  should  lose  all  of  their  chlorine,  since  they 
are  of  an  allyl  nature  (50*70).  Thus,  the  product  obtained  could  not  contain  any  considerable  quantity  of  the  isomers 
(II-VI). 

On  boiling  with  alcoholic  alkali,  40^o  of  the  chlorine  splits  off*,  thus  the  enolic  chloroether 
[CjHj— CH=CC1— C(0CH3)=CH2],  is  formed,  in  a  yield  of  only  25f7o,  however. 

For  the  most  part,  the  high -boiling  fractions  obtained,  according  to  the  analytical  data,  undoubtedly  contained 
products  of  replacement  of  chlorine  by  the  methoxy  group,  probably  in  admixture  with  unreacted  initial  substance. 

3)  On  treatment  with  zinc  dust  in  alcohol  solution,  about  40*70  of  the  substance  distilled  without  change.  A 
light  fraction  was  obtained  in  very  small  quantity,  which,  judging  from  the  boiling  point  and  the  data  of  analysis 
for  the  chlorine  and  the  CH3O -group,  consisted  by  more  than  19^o  of  chlorohexadiene,  the  formation  of  which  was 
possible  from  the  dichlorides  and  from  all  the  isomeric  chloroethers.  This  experiment  convinced  us  that  the  isomers 
(II,  ni  and  V)  could  not  be  present  in  the  original  substance  in  any  considerable  quantity,  since  upon  reaction  with 
zinc  dust  they  should  have  given  diene  ethers, 

4)  As  a  result  of  oxidation  of  the  substance  by  permanganate,  a  mixture  of  acids  was  obtained,  the  greater 
part  of  which  consisted  of  propionic  acid,  which  at  least  indicated  the  predominance  of  the  3,4-isomer  in  the  reac¬ 
tion  mixture.  Moreover,  a  small  amount  of  chloroacetic  acid  was  obtained,  the  source  of  which  also  might  be  the 

3.4- isomer.  The  acid  fraction  of  100-120*  at  10  mm,  according  to  analytical  dau  (for  chlorine  and  OCH3  to  an 
equal  extent)  rather  closely  approached  the  second  possible  product  of  the  oxidation  of  3,4 -chloroether  —  methoxy - 
chloropropionic  acid.  This  fraction  contained  chlorine  and  the  methoxy  group,  and  besides  could  not  have  been  a 
mixture  of  the  oxidation  psoducts  of  the  two  possible  1,4-products  (methoxybutyric  and  chlorobutyric  acids),  since 
in  this  case  each  of  the  acids  would  have  been  present  in  the  mixture  to  an  extent  exceeding  70*70,  which,  obviously, 
is  impossible.  The  formation  of  propionic  acid  from  substances  having  the  formulas  (III  and  V)  is  impossible. 

Thus,  the  substance  obtained  must  have  only  the  formula  (I). 

The  reaction  of  benzosulfodichloroamide  with  a  solution  of  3 -chlorohexadiene  in  ethyl  alcohol,  also  gives 
a  chloroether  having  a  narrow  boiling  range  and  having  a  structure  analogous  to  the  structure  of  the  methyl  ether. 

The  order  of  addition  of  the  alkylhypohalogenites  to  3-bromohexadiene-l,3  is  practically  no  different  from 
that  found  for  3 -chlorohexadiene. 

From  3-bromohexadiene.  iodine,  and  mercuric  oxide  in  methyl  and  ethyl  alcohols,  3,4  -iodoethers  were  ob¬ 
tained,  and  they  gave  with  mild  action  of  alcoholic  alkali,  the  dienic  bromoethers,  and  later,  as  a  result  of  the 
hydrolysis  of  the  latter,  the  unsaturated  bromoketone,  C2H5— CH=CBr— CO— CH3.  None  of  these  substances  are  de¬ 
scribed  in  the  literature. 

In  exactly  the  same  way,  the  action  of  benzosulfodibromoamide  on  a  solution  of  3-bromohexadiene  in  methyl 
alcohol  gave  3,4-bromoether.  The  higher  fraction  was  practically  absent.  As  a  result  of  the  action  of  alcoholic 
alkali  on  this  ether,  the  same  enolic  ether  was  obtained,  however  with  a  mixture  of  products  in  which  the  methoxy 
groups  replaced  the  bfomine. 

By  the  action  of  benzosulfodichloroamide  on  a  solution  of  3-bromohexadiene  in  methyl  alcohol,  chiefly  a 

3.4- chloroedier  was  obtained,  and  it  had  a  boiling  point  at  least  14*  higher  than  that  of  the  isomeric  1.4-chloro(- 
ether,  produced  from  bromoprene  (b.p.  74-76“  at  10  mm).  Consequently,  the  substance  that  we  obtained  could 
not  be  a  monotypic  homolog  of  the  latter  substance.  The  higher  fraction  which  might  consist  of  1,4-products  con¬ 
sisted  of  less  than  10*7°  of  the  parent  substance. 

When  the  parent  substance  was  treated  with  an  alcoholic  solution  of  an  alkali,  the  bromine  atom  entered  into 
the  reaction  to  a  considerable  extent,  and  the  enolic  edier  was  produced  in  very  small  quantities,  but  it  was  highly 
contaminated. 

As  a  result  of  the  oxidation  and  ozonization  of  the  substance, we  obtained  chiefly  propionic  acid  and  a  mix¬ 
ture  of  acids  containing  the  chlorine  and  medioxy  groups.  We  did  not  succeed  in  separating  chloroacetic  acid  or 
other  acids  from  the  mixture. 


The  constants  of  the  halogen  ethers  described  in  the  present  report  are  given  in  the  table.  The  constants  of 
their  lower  homologs  are  also  given. 


TABLE 


Substance 

Boiling  point  at 
10  mm 

d» 

"D 

MRd 

found 

calculated 

CH2C1-CH(0CH5)-CC1=CH2  [2] . 

43-45° 

1.1710 

1.4612 

36.37 

36.20 

CH2C1-CH(0C2H5)-CC1=CH2  [2] . 

51.-52 

1.1297 

1.4562 

40.89 

40.82 

CH2C1-CH(0CH,)-CC1=CH-C2H5 . 

74.5-75 

1.1133 

1.4673 

45. 65 

45.44 

CH2C1-CH(0C2H5)-CC1=CH-C2H5 . 

83.5-85.5 

1.0867 

1.4658 

50.22 

50.05 

CH2Br-CH(OCH,)-CCl=CH,  [3J . 

57-58 

1.4795 

1.4910 

39.05 

39.11 

CH2Br-CH(OC2Hs)-CCl=CH2  [3] . 

63.5-64.5 

1.4402 

1.4880 

42.72 

43.72 

CH2Bt-CH(OCHj)-CCl=CH-C2H6 . 

85-86 

1.3257 

1.4840 

49.11 

48.22 

CH2Br-CH(OC2H5)-CCl=CH-C2H5 . 

94.5-95 

1.3097 

1.4838 

52.75 

52.83 

CH2Cl-CH(OCHj)-CBr=CH2  [3] . 

58-59 

1.4922 

1.4920 

38.78 

39.11 

CH2Cl-CH(OCHs)-CBr=CH-C2H5 . 

87.5-88.5 

1.3746 

1.4930 

48.10 

48.33 

CH2Br-CH(OCHj)-CBr=CH2  [3] . 

68-68.5 

1.7613 

1.5145 

42.07 

42.00 

CH2Br  -CH(OCHj)  -CBr = CH  -C2H6 . 

97-98.5 

1.5917 

1.5112 

51.21 

51.23 

CH2l-CH(OCH3)-CBr=CH2 . 

91.5-92 

1.9755 

1.5531 

47.19 

47.03 

CH2l-CH(OC2H5)-CBr=CH2 . 

97-98 

1.8812 

1.5435 

51.12 

51.65 

CH2l-CH(OCH3)-CBr=CH-C2H5 . 

115.5-117 

1.7845 

1.5430 

56.84 

56.27 

CH2l-CH(OC2H5)-CBr=CH-C2H5 . 

118-120.5 

1.7001 

1.5340 

60.40 

60.88 

From  the  table  it  is  possible  to  draw  the  following  conclusions. 

1)  An  increase  of  the  carbon  chain  length  by  two  methylene  groups  produces  an  increase  in  the  boiling  point, 
at  10  mm,  of  28-30°  for  the  chloro-  and  bromoethers,  and  of  22-25°  for  the  iodoethers.  The  specific  gravity  thus 
decreased.  The  index  of  refraction  changed  negligibly  (in  the  case  of  the  chloroediers  toward  an  increase,  and  for 
the  bromo-  and  iodoethers  toward  a  decrease). 

2)  Isomeric  ethers,  differing  in  the  respective  positions  of  their  chlorine  and  bromine  atoms,  boil  at  lower 
temperatures;  however,  compounds  having  bromine  atoms  at  the  double  bond  have  a  considerably  larger  specific 
gravity  and  index  of  refraction. 

3)  The  molecular  refraction  found  for  all  the  compounds  was  extremely  close  to  that  calculated,  which 
for  none  of  them  was  found  to  be  extremely  elevated.  This  appeared  to  confirm  the  data  recorded  in  the  table  for 
substances  of  the  3.4 -series.  Some  elevation  was  observed  for  the  halogen  ethers  of  the  1,4 -series. 

The  investigation  carried  out  permits  us  to  draw  the  following  theoretical  conclusions: 

1.  Substitution  of  a  hydrogen  atom  in  the  molecule  of  2-chlotobutadiene-l,3  or  2-bromobutadiene-l,3  in 
the  alpha -position  of  the  conjugated  system  is  difficult  for  additions  in  the  1 -position,  but  is  facilitated  in  the  4- 
position. 

R - ►  CH  ^H, 

'Hlg 

Thus,  the  effect  connected  with  the  presence  of  the  alkyl  group  (shovm  by  the  continuous  line),  is  stronger 
than  that  of  the  specified  halogen  atom  (shown  by  the  dotted  line).  As  a  result  of  this,  not  only  the  alkylhypoiod- 
ites  and  alkylhypobromites.  but  also  the  alkylhypochlorites,  add  to  the  3 -chloro-  and  3-bromohexadienes  advan¬ 
tageously  in  the  3. 4 -position. 

It  is  probable  that  the  alkyl  group  here  also  has  the  well  -knowm  steric  effect,  making  the  entrance  of  the  part 
adding  to  the  1 -position  of  the  molecule  difficult. 

2.  For  the  2-halogenbutadienes  and  their  homologs,  the  following  law  operates:  as  addition  begins  with  die 
attack  of  a  halogen  atom  in  the  4 -position  (homolog  of  chloro-  and  bromobutadienes),  it  proceeds  on  a  series  of 
remaining  atoms.  On  the  other  hand  (chloro-  and  bromobutadienes),  attack  in  the  1 -position  completes  the  for¬ 
mation  of  the  1,4 -product. 
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Thus,  the  unusual  deviation  from  the  general  law  in  the  case  of  the  reaction  of  the  chloro-  and  bromobuta- 
dienes  with  die  alkylhypochlorites  (1,4-addition)  is  connected  with  die  fact  that  (under  conditions  of  initial  attack 
in  the  1 -position)  die  halogen  atom  in  the  2-position  prevents  attachment  of  the  negatively  polarized  hydroxy  group¬ 
ing,  as  a  result  of  which  it  also  enters  at  the  4 -position. 

In  the  case  of  the  hypoiodites  and  hypobromites,  where  the  reaction  begins  at  the  4 -position  (as  a  result  of 
the  difficulty  of  the  bromine  and  iodine  atoms  entering  at  the  1-position),  the  "normal"  3,4-product  forms. 

EXPERIMENTAL 

The  3-chIoro-  and  3-bromobutadiene-l,3  were  produced  by  a  method  described  previously  [1,  4]. 

I.  Action  of  Benzosulfodibromoami  de  on  a  Solution  of  3-Chlorohexadiene  in 
Methyl  Alcohol 

Production  of  the  bromoether.  We  added  40  g  of  benzosulfodibromoamide  in  small  portions  to  a  well-mixed 
solution  of  41  g  of  3-chlorohexadiene  in  120  ml  of  methyl  alcohol  at  0-3”,  New  portions  of  benzosulfodibromo¬ 
amide  were  added  after  disappearance  of  the  yellow  color  caused  by  the  previous  portions.  After  standing  for  a 
period  of  36  hours,  the  solution  contained  only  traces  of  active  bromine.  Later  some  Na2S03  was  added  to  the 
solution  and  it  was  steam -distilled.  When  the  distillate  was  diluted  with  water,  an  oil  separated.  The  aqueous 
fraction  was  fractionally  distilled  twice;  small  quantities  of  oil  again  being  extracted.  All  the  oil  portions  were 
combined,  washed  with  a  CaClg  solution,  and  dried  over  CaCl2. 

By  distillation  of  the  substance  obtained,  under  vacuum,  the  original  chlorohexadiene  (7  g)  was  removed. 

The  following  fractions  (10  mm)  were  obtained:  1)  to  85°,  4.5  g;  the  second.  85-86°,  29.9  g;  the  third,  86-90°, 

4.4  g;  die  residue,  1  g. 

The  yield  of  the  85-86°  fraction  at  10  mm  amounted  to  b^iPlo  of  that  calculated  on  the  basis  of  the  bromo- 
amide  taken. 

The  constants  for  this  fraction  are  presented  in  the  table. 

0.1070,  0.1046  g  sub.;  0.1517.  0.1490  g  AgCl+  AgBr.  Found  <7o:  C1+  Br  49.40,  49.63.  C7Hi2(X:iBr.  Cal¬ 
culated  *7i):  C1+  Br  50.70. 

Action  of  alcoholic  alkali  on  the  bromoether.  To  an  alcoholic  solution  of  caustic  potash  (5.5  g  of  KOH  + 

+  0.1  g  of  hydroquinone  in  20  ml  of  methyl  alcohol),  heated  on  a  water  bath,  small  portions  of  bromomethyl  ether 
(15  g)  were  added  over  a  period  of  15  minutes  through  a  reflux  condenser.  The  mixture  was  heated  for  a  furtlter 
40  minutes,  and  then  was  diluted  with  water  and  steam -distilled.  The  oil  obtained  was  washed  with  water  and 
CaCl2  solution,  dried  over  CaClj.and  distilled  under  vacuum  at  85  mm,  whereby  we  obtained  the  following 
fractions:  first.  100-102°,  0.6  g;, second,  102-103°,  4.6  g;  diird,  103-105°.  1.1  g;  fourth,  105-110°,  0.8  g;  fifth, 
above  110°,  0,8  g. 

The  yield  of  the  fraction  of  100-105°  at  85  mm  was  65^o. 

B.p.  102-103°  at  85  mm.  dj®  1.0405,  n^  1.4775. 

0.1064  g  sub.;  0.1033  gAgCl.  Found  <7o;  Cl  24.02.  C^HiiCX:!.  Calculated  <yo:  Cl  24.18. 

Found  previously  for  2-medioxy-3-chlorohexadiene-l,3;  b.p.  102-103.5°  at  85  mm,  d^®  1,0179, 

nS  1.4792. 

Hydrolysis  of  the  enol  form  of  the  ether.  6.3  g  of  2-methoxy-3-chlorohexadiene-l,3  was  shaken  at  40-50° 
with  40  ml  of  a  iPjo  solution  of  H2SO4  in  the  presence  of  hydroquinone  (0.05  g)  for  2  hours.  An  oil  separated  from 
the  aqueous  layer  and  was  dried  over  CaCl2.  By  distillation  under  vacuum  at  30  mm  the  following  fractions  were 
obtained:  first,  to  74°,  0,8  g:  second.  74.5-76.5°,  3  g:  residue.  0.5  g. 

The  yield  of  the  second  fraction  amounted  to  52f7o  of  the  calculated: 

B.p.  74.5-76.5°  (30  mm),  d^*  1.0580.  np  1.4703. 

0.1130  g  sub,:  0,1186  gAgCl.  Found  <70;  Cl  25.97.  CgHjOCl.  Calculated  <70:  Cl  26.75. 

From  the  substance  a  2,4-dinitrophenylhydrazone  having  a  m.p.  of  139°  (after  recrystallization  from  a  mix¬ 
ture  of  alcohol  and  ethyl  acetate)  was  obtained  by  the  usual  method. 
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Found  previously  for  3-chlorohexen-3-one-2:  b.p.  76-77.5'  at  30  mm.  d^®  1.0592,  1.4730.  The  2,4- 

dinitrophenylhydrazone:  m.p.  139°. 

II.  Action  of  Benzosulfodibromoa  mide  on  a  Solution  of  3 -Chlorohexadiene  in 
Ethyl  Alcohol 

By  the  usual  method,  using  15  g  of  3-chlorohexadiene,  50  ml  of  ethyl  alcohol  and  15  g  of  benzosulfodi- 
bromoamide,  we  obtained  a  substance  which  on  distillation  gave  the  initial  chlorohexadiene  (2.5  g)  and  then  at 
10  mrn,  gave  the  following  fractions:  the  first  at  94°,  1.5  g:  second,  94-95°,  13  g;  residue,  1.2  g.  The  yield  of 
bromoether  was  43f7o.  The  second  fraction,  after  repeated  distillation,  gave  a  product  chiefly  at  94-94.25*  (10 
mm).  Its  constants  are  given  in  the  table. 

0.1208,  0.1130  g  sub.:  0.1690,  0.1576  g  AgCl+  AgBr.  Found  “yo;  C1+  Br  48.74,  48.60.  CgH^CXTlBr.  Cal¬ 
culated  ’’joi  Cl  +  Br  47.76. 

III.  Action  of  Benzosulfodichloroamide  on  a  Solution  of  3 -Chlorohexadiene  in 
Methyl  Alcohol 

Production  of  chloroether.  From  44  g  of  benzosulfodichloroamine,  65  g  of  3-chlorohexadiene  in  200  ml  of 
methyl  alcohol  under  the  conditions  described  in  Section  I,  we  obtained  a  substance  which  on  distillation  gave  the 
following  fractions  (10  mm):  first,  to  60°.  9.8  g  (chlorohexadiene);  second.  60-70°.  0.7  g:  third.  70-74.5*.  1.5  g; 
fourth  74.5-75*,  34.3  g;  fifth,  75-80°,  6  g;  residue,  1.2  g.  The  yield  of  the  third,  foutth  and  fifth  fractions  having 
a  b.p.  70-80*  (10  mm)  was  59*70  (based  on  dichloroamide). 

For  the  fourth  fraction:  b.p.  74.5-75°  at  10  mm.  c|J*  1.1175,  n§  1.4682. 

0.1079  g  sub.;  0.1735  g  AgCl.  Found  *7::  Cl  39.75.  CyH^gOClg.  Calculated ‘7o:  Cl  38.77. 

In  order  to  purify  the  dichlorides,  59  g  of  chloroether  was  carefully  mixed  with  a  solution  of  3.3  g  of  KOH 
in  30  ml  of  methyl  alcohol  (0.2  mole  KOH  per  mole  of  ether).  The  mixture  was  allowed  to  stand  at  0*  for  3-4 
hours  and  at  room  temperature  for  about  2  hours,  and  was  then  diluted  with  water. 

The  purified  ether,  on  distillation  under  vacuum  at  10  mm.  gave  the  following  fractions:  first,  to  72.5°,  4  g; 
second,  72.5,  3.8  g:  third  73,5-76°,  46  g.  The  yield  (second  and  third  fractions)  was  857>.  The  constants  of  die 
main  fractions  are  given  in  the  table. 

0.1164  g  sub.:  0.1839  g  AgCl.  Found  “yo:  Cl  39.08,  CyHigCX^lg.  Calculated  “T*:  Cl  38.77. 

In  the  water  layer.  0.36  g  of  chloride  ion  was  found,  which  amounts  to  67>  of  that  present  in  the  substance. 

Action  of  an  alcoholic  solution  of  KOH  on  the  chloroether.  From  30  g  of  the  chloroether,  freed  from  di- 
chlorides,  the  action  of  a  solution  of  14  g  of  KCXI  in  methyl  alcohol  produced  21  g  of  an  oil.  The  aqueous  part  in 
this  case  was  extracted  several  times  with  ether.  In  it  4.89  g  of  chloride  ion  was  found,  and  this  amounted  to  41*70 
of  the  total  chlorine  in  the  original  chloroether. 

The  following  fractions  were  obtained  by  distillation  of  the  oil:  first,  to  100°,  0.5  g;  second,  101-105°,  5.5 
g;  third.  105-120°,  1.2  g;  foutth.  120-127°,  12.5  g. 

Repeated  distillation  of  the  second  fraction  gave  the  dienic  chloroether: 

B.p.  102-103.5°  (85  mm),  d?  1.0134,  ng  1.4767.  MRd  40.85.  CtHhOCI.  Calculated  40. 10. 

0.1052  g  sub,:  0.1020  g  AgCl.  Found  *7°:  Cl  23.96.  CyHiiOCl.  Calculated  T*:  Cl  24.13. 

From  the  dienic  chloroether,  by  the  usual  method,  we  obtained  the  unsaturated  chloroketone: 

B.p,  75-76.5°  (30  mm),  d|*  1,0507,  np  1.6725.  The  2.4 -dinitrophenylhydrazone:  m.p.  138.5*. 

We  obtained  10  g  of  a  substance  by  distillation  of  the  fourth  fraction: 

B.p.  87-92°  (20  mm),  df  1.0424,  n|5  1.4540. 

0,1201  g  sub.:  0,1331  g  AgCl.  0.2502  g  sub,:  0.4536  g  Agl  (according  to  Zeisel).  Found  %  Cl  29.42; 

CX:H3  23.96.  CvHiaOCV  Calculated  Cl  38.77;  OCHj  16.95.  CgHijOjCl.  Calculated  7):  Cl  19.85; 

OCHj  34.74, 

Action  of  zinc  dust  on  a  water -alcohol  solution  of  the  chloroether.  Into  a  flask  fitted  with  a  dropping  funnel 
and  a  fractionating  column,  40  g  of  zinc  dust,  70  ml  of  ethyl  alcohol,  and  30  ml  of  water  were  placed.  The  mixture 


r 
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was  brought  to  boiling,  after  which,  through  the  dropping  funnel.  25  g  of  chloroether  was  added  in  small  portions. 

The  reaction  fvoducts  were  distilled,  first  with  alcohol  and  water,  then  with  water.  From  the  oil  obtained  by  dis¬ 
tillation,  2  g  of  substance  was  separated: 

B.p.  122-127',  df  0.9027,  ng  1.4630. 

0.1158  g  sub.;  0.1075  g  AgCl.  0.1250  g  sub.;  0.0672  g  Agl  (according  to  Zeisel).  Found  Cl  22.94; 

OCH,  7.10. 

Moreover  about  10  g  of  the  following  substance  was  obtained; 

B.p.  88-90'  (200  mm),  dj®  1.1053,  n^  1.4650. 

0.1206  g  sub.:  0.1865  g  AgCl.  Found‘d.  Cl  38.25.  C^HbOCI.  Calculated®^.  Cl  38.77. 

By  treatment  with  an  alcoholic  solution  of  alkali  we  obtained  0.7  g  of  the  corresponding  enolic  ether; 

B.p.  100-105”  (85  mm).  4®  1.0283,  n^o  1-4760. 

Oxidation  of  the  chloroether  with  potassium  permanganate.  To  a  mixture  of  15.3  g  of  chloromethyl  ether 
and  a  solution  of  26.5  g  of  MgSQ^  in  120  ml  of  water,  we  added  dry  potassium  permanganate  in  small  portions, 
with  stirring  (depending  on  the  extent  of  decolorization).  After  completion  of  the  reaction,  the  manganese  dioxide 
was  filtered  off.  and  washed  with  small  quantities  of  water.  From  the  filtrate,  acidified  with  40®^  H2SO4,  the  acids 
were  extracted  by  ether  in  an  extractor.  On  distillation  of  the  acids  the  following  substances  were  obtained. 

a)  Propionic  acid  (about  2.5  g).  The  main  part  of  the  fraction  boiled  at  139-141”.  From  the  acids  (by  the 
action  of  thionyl  chloride,  and  then  aniline  in  ether  solution)  ve  obtained  the  anilide  having  a  m.p.  of  104”,  which 
corresponds  to  the  literature  data  [5]. 

b)  A  mixture  of  acids  having  a  b.p.  of  180-205”  (1.8  g),  from  which  0.6'g  of  chloroacetic  acid  having  a  m.p. 
of  61.5-62.5”  was  separated  [5]. 

0.0894  g  sub.;  0.1369  g  AgCl.  Found*?;):  Cl  37.71.  C^HjO^Cl.  Calculated*^:  Cl  37.52. 

The  residue,  after  separation  of  the  chloroacetic  acid,  gave  the  following  results  for  the  analysis  for  chlorine 
and  methoxy  groups: 

0.1241  g  sub.:  0.1380  g  AgCl.  0.1026  g  sub.:  0.0692  g  Agl  (according  to  Zeisel).  Found  ®/o:  Cl  27.51; 

OCHj  8.91. 

c)  A  mixture  of  acids  (1.5  g)  having  a  b.p.  of  100-120”  at  10  mm. 

0.1075  g  sub.;  0.0923  g  AgCl.  0.1405  g  sub.;  0.2049  g  Agl  (according  to  Zeisel).  Found  *?b;  Cl  21.45; 

OCHs  19.27. 

IV.  Action  of  BenzoSulfodichloroamide  on  a  Solution  of  3 -Chlorohexadiene  in 
Ethyl  Alcohol 

From  17.5  g  of  ethylchloroprene,  100  ml  of  ethyl  alcohol  and  14  g  of  benzosulfodichloroamide,  an  oil  was 
produced,  and  on  distillation  under  vacuum  of  10  mm  it  gave  the  following  fractions:  first,  to  83.5°.  1.5  g;  second, 
83.5-85.5”.  7.5  g;  third,  85.5-87”,  1.4  g;  residue,  0.5  g. 

The  yield  of  die  second  and  third  fractions  was  dSPh  (based  on  the  amount  of  benzosulfodichloroamide  taken). 

B.p.  83.5-87”  (10  mm),  dj*  1.0992,  n^  1.4670, 

0.1090  g  sub.;  0.1678  g  AgCl.  Found  *7o;  Cl  38.08.  C,HnOCl.  Calculated  *7o:  Cl  36.82. 

Since  the  substance  contained  an  excess  of  chlorine  in  comparison  to  the  theoretical  amount,  it  was  subjected 
to  purification  (see  Section  HI)  by  treatment  in  the  cold  with  an  alcoholic  solution  of  KOH  (7  g  of  chloroether,  0.36 
g  of  KOH  -f-  4  ml  of  alcohol). 

By  distillation  of  the  purified  product  the  following  fractions  were  obtained:  first,  to  83”,  1.1  g;  second,  83.5- 
85.5°,  4.5  g;  residue,  0.6  g. 

The  yield  of  the  83.5-85.5”  fraction  was  The  constants  are  given  in  the  table. 

0.0440  g  sub.;  0.0667  g  AgCl.  Found  *7o;  Cl  36.94.  C,HnOClj.  Calculated*^:  Cl  36.82. 

The  aqueous  solution  contained  0.16  g  of  chloride  ion,  i.e.,  6.2^  of  that  present  in  the  original  substance. 
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V.  Action  of  Iodine  and  Mercuric  Oxide  on  a  Solution  of  3 -Brotnohexadiene  in 
Methyl  Alcohol 


By  the  usual  method,  28  g  of  iodoether  was  obtained  from  24  g  of  3-bromohexadiene.  38  g  of  iodine  and  21  g 
of  mercuric  oxide  in  50  ml  of  methyl  alcohol. 

As  a  result  of  distillation  of  the  substance  under  vacuum,  the  following  fractions  were  separated:  first,  to 
115. 5°;  3.8  g;  second,  llS.S-ll?”,  19,0  g;  third  117-119°,  2.8  g;  residue.  0.8.g. 

The  constants  of  the  main  fraction  are  given  in  the  table. 

0.1296,  0.1254  g  sub.:  0.1726.  0.1668  g  AgBr  +  Agl.  0.1022  g  sub.:  0.0832  g  Agl  (according  to  Zeisel). 
Found  Br  +  I  65.18.  65.10;  OCH3  10.76.  CTHijOBrl.  Calculated ‘7o:  Br+  I  64.84;  OCH,  9.73. 

Action  of  alcoholic  alkali  on  the  iodoether.  We  obtained  11.5  g  of  an  oil  from  25  g  of  iodoether  and  5  g 
of  KOH  (10^0  excess)  in  55  ml  of  methyl  alcohol  (the  alkaline  solution  was  added  to  the  iodoether  with  stirring). 
Distillation  at  20  mm  gave  the  fractions;  first,  80-83°,  2  g;  second,  83-84.5°,  4,6  g;  third,  84.5-88.5°,  1.7  g; 
residue,  3.8  g.  At  the  time  of  distillation  we  observed  the  polymerization  of  the  substance. 

For  the  main  (second)  fraction  the  following  were  found: 

df  1.2930.  np  1.5040.  MRd  43.76.  CTHnOBr.  Calculated  43.00. 

0.1026  g  sub.;  0.1003  g  AgBr.  Found  *70:  Br  41.60.  C7HiiOBr.  Calculated  <70:  Br  41.83. 

Production  of  the  ketone.  From  4.5  g  of  the  enolic  form  of  the  bromoether  we  obtained  3  g  of  bromoketone 
by  the  usual  method.  A  major  part  of  the  substance  boiled  at  70.5-71°  (10  mm); 

df  1.3784.  nB  1.5010.  MRd  37.83.  CgHjOBr.  Calculated  37.22. 

0.1126  g  sub.:  0.1184  g  AgBr.  Found  <70:  Br  44.75.  C^HjOBr.  Calculated  <70:  Br  45.14. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  after  recrystallization  from  ethyl  acetate  had  a  m.p.  of  140- 

141°. 


4.3  mg  sub.;  0.512  ml  Ng  (22°,  762  mm).  Found  <70:  N  15.43.  Ci2Hij04N4Bt.  Calculated  <70:  N  15.73. 
VI.  Action  of  Benzosulfodibromoamide  on  a  Solution  of  3 -Bromohexadiene  in 


From  16  g  of  3-bromohexadiene,  12.7  g  of  benzosulfodibromoamide  and  50  ml  of  methyl  alcohol  at  5-7°, 
we  produced  16,5  g  of  a  substance,  which  on  distillation  under  vacuum  at  10  mm  gave  the  following  fractions: 
first,  to  94.0°,  3  g  (original  bromohexadiene),  second,  94-97°, 2.1  g;  third,  97-98.5°,  10.0  g;  fourth.  98,5-100°,  1.5 
g;  residue,  1.5  g.  The  constants  of  the  main  fraction  are  given  in  the  table. 

0.1436,  0.1202  sub.;  0.1989,  0.1656  g  AgBr.  Found  <70:  Br  58.94,  58.63.  CTHijOBrj.  Calculated 

Br  58.76. 

On  heating  15  g  of  bromoether  with4gJ(OH  in  20  ml  of  methyl  alcohol  we  obtained  7  g  of  a  substance,  giv¬ 
ing  the  following  fractions  on  distillation  (20  mm);  first,  73-81°,  1.0  g;  second,  81-84°,  3.3  g:  residue.  2  g.  For 
the  main  (second)  fraction  we  found: 

df  1.2477,  nD  1.4950. 

0,1321  g  sub.:  0.1196  g  AgBr.  Found‘d:  Br  39.43.  C^HijOBr.  Calculated ‘7>:  Br  41.83. 

The  hydrolysis  of  3.2  g  of  the  substance  with  fPjo  H2SO4  gave  1. 1  g  of  ketone: 

B.p.  70-71.5°  (10  mm),  d^®  1.3213,  ng  1.4925. 

0.1193  g  sub.:  0. 1164  g  AgBr.  Found  *70:  Br  41.52.  CjHjOBr.  Calculated*^:  Br45.14. 


VII.  Action  of  Be  nz  osulf  odlchl  or  oa  m  ide  on  a  Solution  of  3 -Bromohexadiene  in 


From  32  g  of  3-bromohexadiene.  19  g  of  behzosulfodichloroamide  and  100  ml  of  methyl  alcohol  at  5-10°, 
we  obtained  23  g  of  an  oil.  Distillation  at  10  mm  gave  the  following  fractions:  first,  to  80°,  2.7  g;  second,  80- 
87.5°,  1.6  g;  third,  87.5-88.5°,  13.8  g;  fourth,  88.5-92°,  1  g;  residue,  1.5  g. 

The  constants  of  the  main  fraction  are  given  in  the  table. 
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0.1400  g  sub.:  0.2086  g  AgCl  +  AgBr.  Found^yo:  Cl+Br  50.67.  CjHijOClBr.  Calculated  ^yo:  Cl+Br  50.70. 

By  the  action  of  3.8  g  of  KOH  in  45  ml  of  methyl  alcohol  on  10  g  of  the  substance,  we  obtained  an  oil,  giv¬ 
ing  on  distillation  (20  mm)  the  following  fractions:  first,  77-80°,  1.7  g;  second,  80-101°,  1.0  g;  third,  101-102°, 

2.8  g;  residue,  0.5  g.  For  the  first  fraction  we  found  the  following: 

B.p.  77-80'  (20  mm),  df  1.0120,  ng  1.4550. 

0.1050  g  sub.:  0.0483  g  AgBr.  0.2062  g  sub.;  0.4894  g  Agl  (according  to  Zeisel).  Found  Br  19.58; 

OCH,  31.37.  CjHiiOBr.*  Calculated  %:  Br  41.80;  OCHj  16.24. 

For  the  third  fraction  we  found: 

B.p.  101-102°  (20  mm),  dj®  1.3017,  ng  1.4810. 

0.1074  g  sub.:  0.1364  g  AgCl  +  AgBr.  0.1586  g  sub.:  0.2274  g  Agl  (according  to  Zeisel).  Found  ‘^: 

Cl  +  Br  45.22;  OCHj  18.44.  CYHi20ClBr.** * *  Calculated  “yo:  Cl  +  Br  50.70;  (X:H3  15.67. 

As  a  result  of  the  ozonization  of  6.5  g  of  the  substance  in  chloroform  (the  ozonide  decomposed  H2O2) 
we  obtained  two  main  acid  fractions.  One  of  them  (1.3  g)  was  propionic  acid.  Its  anilide  had  a  m.p.  of  104°. 

The  second  was  a  fraction  having  a  wide  boiling  interval  and  represented  a  mixture  of  acids,  containing  OCH3 
or  Cl.  possibly  partially  decomposed  during  die  process  of  ozonization.  For  the  second  fraction,  the  b.p.  was 

200-220°  (2.2  g). 

0.1250  g  sub.:  0.1904  g  AgCl.  0.1060,  0.0822  g  sub,;  0.1251,  0.0966  g  Agl  (according  to  Zeisel).  Found  °}o’. 
Cl  21.65;  OCH3  15.60,  15.53.  C4H7O3CI.  Calculated ‘y>;  Cl  25.59;  OCH3  22.39.  C^HjOjCl.  Calculated  <yo: 
Cl  28.95.  CgHioOg.  Calculated ‘yo:  CH3O  26.30. 

The  residue  in  the  flask,  according  to  the  analytical  data,  almost  approached  methoxychloropropionic  acid. 

0.0850  g  sub.:  0.0858  g  AgCl.  0.0612  g  sub.:  0.0912  g  Agl  (according  to  Zeisel).  Found  %>:  Cl  23195; 

CXZHg  19.83.  C4H7O3CI.  Calculated  <yo:  Cl  25.59;  OCH3  22.39. 

SUMMARY 

1.  The  order  of  addition  of  the  alkylhypohalogenites  to  3-chloro-  and  3-bromohexadiene-1.3  was  investiga¬ 
ted. 

2.  It  was  shown  that  in  all  cases,  chiefly  the  ethers  of  1,3-halogenhexen— 3-ol-2  were  obtained. 

3.  Differences  in  the  order  of  addition  of  the  alkylhypohalogenites  to  the  halogenhexadienes,  in  comparison 
with  the  halogenbutadienes,  were  accounted  for  on  the  basis  of  the  theory  of  electronic  displacement. 
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•  Calculation  made  starting  from  the  assumption  that  the  compound  contains  only  bromine. 

••  It  was  assumed  that  the  substance  was  contaminated  with  chlotoether. 

See  Consultants  Bureau  Translation  ,  page  1091. 

See  Consultants  Bureau  Translation,  page  1557. 

••••*  See  Consul  tan  tsBureau  Translation,  page  1537. 
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SYNTHESIS  AND  TRANSFORMATION  OF  a-GLYCOLS 


OF  THE  ETHYLENE  SERIES 
IIL  PRODUCTION  OF  2,4-DIPHENYLBUTEN  -  3-DIOL-1.2 

L.  FI  Chelpanova  and  N.  M.  Libman 


Earlier  one  of  us.  together  with  Z.  V.  Printseva  [1],  described  the  production  of  2-methyl-3,5-diphenylpent- 
en  4-diol-2,3,  by  reduction  of  the  corresponding  a -glycols  of  the  acetylene  series,  in  the  presence  of  colloidal 
palladium.  We  also  used  this’method  for  obtaining  2.4-diphenylbutene-3-diol-l,2-(lI). 

The  acetylene  glycol  necessary  for  this  reaction  —  the  asymmetrical  phenylphenylacetyleneethyleneglycol 
(m.p,  101-102°)  (2.4-diphenylbutyne-3-diol-1.2)  (I)  which  has  not  been  described  in  the  literature,  was  synthe¬ 
sized  according  to  the  lotsich  method,  starting  from  benzoylcarbinol  and  phenylacetylene. 

CsHj  C5H5  CgHj 

CH,OH-COH  — ►  CH,OH-C-OH  — >  CH,OH-COH 

I  I  I 

C^C-CsHs  CH=CH-CgH5  CHj-CHj-CgHj 

(I)  (II)  (HI) 

During  the  reduction  of  the  a  -glycols  of  the  acetylene  series  (I),  in  the  presence  of  colloidal  palladium,  two 
geometrical  isomers  of  the  corresponding  ethyleneglycol  (II),  with  m.p.  of  52-53°  and  68-70°,  were  isolated. 

Both  isomers,  on  further  hydrogenation  in  the  presence  of  platinum  black,  gave  the  same  saturated  glycol 
having  a  m.p.  of  57-58°  (HI).  This  saturated  glycol  was  obtained  by  reduction  of  2,4-diphenyibutyne-3-diol-1.2 

(1)  in  the  presence  of  platinum  black. 

EXPERIMENTAL 

2.4- Diphenylbutyne -3-diol-1.2 

To  phenylacetylene  magnesium  bromide,  prepared  in  the  usual  way  from  6  g  of  magnesium  and  25  g  of  ethyl 
bromide  and  25  g  of  phenylacetylene,  10  g  of  benzoylcarbinol  dissolved  in  250  ml  of  anhydrous  ether  was  added. 

The  reaction  was  started  at  20°  and  continued  at  room  temperature  for  a  period  of  3  hours.  On  the  following  day, 
the  complex  was  decomposed  by  ice  water,  and  later  by  3To  solution  of  sulfuric  acid  at  0°.  The  product  was  extrac¬ 
ted  with  ether,  and  the  ether  extract  was  washed  with  a  solution  of  soda,  and  dried  over  Na2S04. 

After  removal  of  the  ether,  the  solid  substance  was  filtered  off  and  washed  on  the  filter  three  times  with  benz¬ 
ene.  After  recrystallization  from  a  mixture  of  sulfuric  acid  and  petroleum  ether  (1:1),  needle-shaped  white  crystals 
having  a  m.p.  of  101-102°  were  obtained.  The  yield  was  15  g  {S6PI0).  The  substance  dissolved  well  in  alcohol, 
benzene,  ether,  ethyl  acetate,  acetone,  dioxan,  and  difficultly  in  ligroin  and  petroleum  ether. 

With  concentrated  H2SO4  the  substance  gave  a  dark  red  color,  and  it  decolorized  a  solution  of  potassium  per¬ 
manganate  and  a  solution  of  bromine  in  chloroform.  On  heating  with  potash,  according  to  the  method  of  Babayan 

[2] ,  the  substance  decomposed,  yielding  phenylacetylene,  which  was  observed  with  an  ammoniacal  solution  of  sil¬ 
ver  oxide. 

7.15  mg  sub.:  21.09  mg  CO2;  3.60  mg  H2O.  0.1658  g  sub.:  19.52  g  benzene  At  0.18°.  0.0212  g  sub.:  4.2 
ml  CH4  (15°,  765  mm).  Found  <7o:  C  80.59;  H  5.63;  OH  14.09;  M  239.  CisHi2(OH)2.  Calculated  <70:  C  80.65; 
H  5.92;  OH  14.28;  M  238. 

2.4- Diphenylbutene-3-diol-l,2 

Reduction  of  the  a  -glycols  of  the  acetylene  series  was  carried  out  in  the  usual  way  by  the  method  of  cataly- 
tic  hydrogenation  in  the  presence  of  colloidal  palladium  [1]. 
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2.38  g  of  acetylene  glycol,  dissolved  in  50  ml  of  ethyl  alcohol,  in  the  presence  of  5  mg  of  colloidal  pallad¬ 
ium,  absorbed  248  ml  of  hydrogen  (25°,  770  mm)  in  8  minutes,  instead  of  247.5  ml.  the  amount  theoretically  re¬ 
quired  for  conversion  of  the  triple  bond  to  a  double  bond. 

After  separation  of  the  catalyst  and  removal  of  the  solvent,  a  substance  contaminated  by  an  oily  mixture 
was  obtained.  The  substance  was  washed  with  cold  petroleum  ether  and  repeatedly  recrystallized  from  petrbleum 
ether  (boiling  point  at  60°);  after  several  recrystallizations  from  petroleum  ether,  a  substance  having  a  m.p.  of  52- 
53°  was  separated  from  the  first  fraction,  and  from  the  latter  —  a  substance,  more  soluble  in  petroleum  ether  and 
having  a  m,p.  of  68-70°,  was  obtained.  Both  products  gave  a  violet  opalescence  with  concentrated  H2SO4,  and  both 
decolorized  bromine  in  chloroform  and  potassium  permanganate  solution. 

Hydrogenation  of  both  substances  in  the  presence  of  platinum  black  gave  the  same  saturated  glycol  having  a 
m.p,  of  56-57“. 

I. 19  g  of  ethylene  glycol  having  a  m.p.  of  52-53°,  dissolved  in  30  ml  of  ethyl  alcohol,  in  the  presence  of 
0.25  g  of  platinum  black,  during  18  minutes  absorbed  53  ml  of  hydrogen  (17°,  752  mm),  the  theoretical  amount  re¬ 
quired  for  converting  the  double  bond  to  a  single  bond.  A  similar  quantity  of  ethylene  glycol  having  a  m.p.  of 
68-70°,  under  similar  conditions,  absorbed  the  same  quantity  of  hydrogen. 

On  the  basis  of  these  data  it  was  possible  to  assume  that  the  substances  having  m.p.  of  52-53°  and  68-70° 
were  geometrical  isomers  and  rJiat,  apparently,  the  substance  having  the  m.p.  of  52-53°  corresponds  to  the  cis-iso- 
mer,  and  that  having  a  m.p.  of  68-70°  —  the  trans -isomer. 

Investigation  of  the  isomer  with  m.p.  of  52-53°:  12.80  mg  sub.:  37.32  mg  COj;  7.92  mg  H2O.  0.1649  g 

sub.:  12.55  g  benzene:  At  0.28°.  0.0647  g  sub.:  12.8  ml  (18°,  753  ml).  Found ‘Jb;  C  79,57;  H  6.92; 

OH  13.61;  M  238.0.  Ci5Hj4(OH)2.  Calculated  <70:  C  79.98;  H  6.71;  OH  14.16;  M  240.0. 

The  substance  was  highly  soluble  in  the  usual  organic  solvents.  It  was  crystallized  from  the  fraction  of 
petroleum  ether  having  a  b.p,  of  65°. 

Investigation  of  the  isomer  with  m.p.  of  68-70°:  12.60  mg  sub.:  37.11  mg  CO2;  7.73  mg  H2O,  0.1278  g 

sub.:  14.8  g  benzene;  At  0.18°.  0,028  g  sub,;  6.0  ml  CH4  (24°.  756  mm).  Found  *70:  C  80.38;  H  6.86; 

OH  14.45;  M  243.  Ci4Hi4(OH)2.  Calculated ‘7o:  C  79.98;  H  6.71;  OH  14.16;  M  240.0. 

The  substance  having  a  m.p.  of  68-70°  dissolved  better  in  petroleum  ether  than  did  the  substance  having  a 
m,p.  of  52-53°. 

2.4-Diphenylbutanediol-1.2 

A  samrated  glycol  was  obtained  by  hydrogenation  of  acetylene  glycol  in  the  presence  of  colloidal  palladium: 
2.38  g  of  acetylene  glycol,  dissolved  in  50  ml  of  ethyl  alcohol,  in  the  presence  of  5  mg  of  colloidal  palladium, 
during  19  minutes  absorbed  495  ml  of  hydrogen  (25°,  770  mm),  the  theoretical  amount  required  for  conversion  of 
the  triple  bond  to  a  single  bond. 

Furthermore,  the  saturated  glycol  was  obtained  also  in  the  presence  of  platinum  black:  1.19  g  of  acetylene 
glycol,  dissolved  in  25  ml  of  ethyl  alcohol,  in  the  presence  of  0.3  g  of  platinum  black  absorbed  107  ml  of  hydro¬ 
gen  (17°,  752  mm)  for  35  minutes.  After  addition  of  4  atoms  of  hydrogen,  the  reaction  was  stopped.  The  catalyst 
was  filtered  off  and  the  solvent  was  removed.  A  syrup,  which  did  not  crystallize,  was  obtained.  After  partial  re¬ 
moval  of  the  ether,  colorless  needle-shaped  crystals  having  a  m.p.  of  56-57°  were  deposited. 

’  The  substance  was  highly  soluble  in  alcohol,  ether  and  benzene,  and  poorly  soluble  in  gasoline  and  petroleum 
ether.  It  did  not  give  a  violet  opalescence  with  concentrated  H2SO4. 

II. 31  mg  sub.;  32.98  mg  CO2;  7.57  mg  HjO.  0.1010  g  sub.:  12.25  g  benzene:  At  0.17°.  0.0250  g  sub.: 

50  ml  CH4  (24°.  756  mm).  Found  <7o;  C  79.58;  H  7.49;  OH  13.48;  M  246.  Ci4Hi4(OH)2.  Calculated  <5^: 

C  79.31;  H  7.49;  OH  14.04;  M  242.0. 

Oxidation  of  saturated  glycol  by  manganese  triacetate  [3].  Into  a  flask  were  placed  3  g  of  saturated  glycol 
and  5  g  of  manganese  triacetate,  dissolved  in  100  ml  of  glacial  acetic  acid.  After  3  hours  of  heating  on  the  water 
bath  at  60-70°,  the  solution  acquired  a  yellow  color.  On  the  following  day,  the  manganese  diacetate  was  filtered 
off,  and  the  filtrate  was  neutralized  and  steam-distilled.  A  crystalline  substance,  which  after  recrystallization 
from  alcohol  had  a  m.p.  of  69-70°,  was  obtained.  With  2,4-dinitrophenylhydrazine.  the  substance  gave  the  2,4- 
dinitrophenylhydrazone  having  a  m.p.  of  143-145°.  The  melting  point  of  this  substance  corresponds  to  that  of  the 
ketone  —  CjHsCHj— CHj— CO— CjHs  — phenylpropiophenone  [4]. 
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Since  phenylpropiophenone  was  obtained  from  the  oxidation  of  the  saturated  glycol  by  manganese  triacetate, 
this  demonstrated  the  structure  not  only  of  the  saturated,  but  also  of  both  the  ethylenic  and  acetylenic  glycols. 

SUMMARY 

1.  A  new  glycol  of  the  acetylenic  series,  2,4-diphenylbutyne-3-diol-l,2,  having  a  m.p,  of  101-102°  was 
synthesized. 

2.  Two  geometrical  isomers  of  ethylene  glycol  —2,4-diphenylbutene-3-diol-l, 2 —having  a  m.p.  of  52-53° 
and  68-70°,  and  not  described  in  the  literature,  were  obtained. 

3.  Both  glycols  of  the  acetylenic  and  ethylenic  series  yielded,  by  catalytic  reduction,  the  same  saturated 
glycol  —  2,4-diphenylbutanediol-1.2  having  a  m. p.  of  56-57°, 
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INVESTIGATION  OF  UNSATURATED  CYCLIC  HYDROCARBONS 
AND  THEIR  HALOGEN  DERIVATIVES 

XIV.  FORMATION  OF  BROMOBENZENE  BY  REACTION  OF  MOLECULAR  BROMINE 
WITH  1,2-DIBROMOCYCLOHEXENE-l 

N.  A,  Domnin  and  A.  S.  Beletskaya 


One  of  us  [1]  has  shown  that,  by  reacting  molecular  bromine  with  1,2-dibromocyclohexene-l  under  relatively 
mild  conditions,  a  mixture  of  products,  consisting  of  1,1,2,2-tettabromocyclohexene,  o-dibromobenzene  and  bromo- 
benzene  is  formed.  Then  a  simple  and  fundamental  explanation  for  the  formation  of  1,1,2,2-tetrabromocyclohex- 
ane  and  o-dibromobeznene  was  given.  The  problem  of  the  formation  of  bromobenzene  remained  unclarified,  and 
moreover,  we  showed  its  presence  in  the  mixture  of  reaction  products  only  by  the  method  of  nitration,  which,  as 
we  showed  later,  appared  to  be  unsuitable.  Together  with  this,  however,  the  problem  of  the  mechanism  of  the  for¬ 
mation  of  bromobenzene  in  the  indicated  reaction  is  of  considerable  interest,  and  because  of  this,  we  again  return 
to  tlie  investigation  of  this  problem. 

As  a  result  of  the  present  work,  we  found  that  the  formation  of  bromobenzene  by  the  reaction  of  molecular 
bromine  and  1,2-dibromocyclohexene-l  was  a  fact.  The  certainty  of  the  presence  of  bromobenzene  in  the  mixture 
was  demonstrated  by  ultra-violet  absorption  spectroscopy. 

Regarding  the  mechanism  of  formation  of  bromobenzene,  as  a  result  of  a  critical  consideration  of  different 
possibilities,  we  represent  it  in  the  following  form: 


CHBr  CH 

Of  all  the  substances  indicated  in  this  scheme,  the  only  intermediate  substance  which  was  not  isolated  ap¬ 
pears  to  be  1,2,3,4-tetrabromocyclohexane;  we  isolated  and  characterized  earlier  the  four  remaining  substances. 

It  is  well-known  that  a  halogen  derivative  of  a  typ)e  such  as  tetrabromocyclohexane  is  very  easily  trans¬ 
formed  to  an  aromatic  nucleus.  Moreover,  for  the  formation  of  bromobenzene,  we  present  still  another  reasonable 
possibility,  which  may  be  expressed  by  the  following  scheme: 


As  seen  from  the  scheme  given,  we  assume  that  2,3-dibromocyclohexadiene-l,3  undergoes  preliminary  iso¬ 
meric  transformation  to  2.3-dibromocyclohexadiene-4,6,  which,  giving  up  a  molecule  of  hydrogen  bromide,  is 
transformed  to  bromobenzene. 
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EXPERIMENTAL 


By  reaction  of  phosphorus  pentachloride  with  cyclohexane,  a  mixture  consisting  of  1-chlorocyclohexene-l  and 
1,1-dichlorocyclohexane  was  obtained.  The  splitting  off  of  hydrogen  chloride  was  accomplished  by  the  use  of  quino¬ 
line,  dimethylaniline  and  a  2(flo  alcoholic  solution  of  caustic  potash. 

Cleavage  by  quinoline.  Into  a  flask  with  a  cover,  71  g  of  freshly  distilled  quinoline  was  placed,  and  heated 
to  boiling.  Into  the  boiling  quinoline,  55  g  of  the  mixture  of  chlorides  was  introduced  dropwise  from  a  separatory 
funnel.  The  quinoline  was  used  in  an  amount  that  was  1.5  times  larger  than  the  theoretically  required  quantity. 

The  monochloride  which  formed  was  removed,  and  in  proportion  to  its  removal,  a  mixture  of  chlorides  was  intro¬ 
duced  dropwise.  After  addition  of  the  total  mixture  of  chlorides,  the  reaction  mixture  was  heated  to  the  point  where 
the  temperature  of  removal  did  not  rise  above  144-150°.  The  monochloride  obtained  was  washed  with  dilute  (1:1) 
sulfuric  acid  in  order  to  partially  combine  the  quinoline  coming  off  with  the  monochloride,  then  it  was  washed  with 
water  and  dried  over  calcium  chloride.  The  monochloride  was  distilled  several  times.  We  obtained  30  g  of  a  sub¬ 
stance  having  a  b.p.  of  140-145°  1.0403;  n^  1.4767).  The  yield  was  70*7o. 

The  monochloride  formed  by  cleavage  brought  about  by  dimethylaniline  was  more  difficult  to  remove  from 
the  mixture,  and  the  cleavage  brought  about  by  alcoholic  alkaU  involved  formation  of  an  emulsion  that  we  did 
not  succeed  in  breaking;  therefore,  we  recommend  that  the  liberation  of  hydrogen  chloride  be  carried  out  by  means 
of  quinoline. 

The  synthesis  of  1-chloro  — 1.2-dibromocyclohexane  was  carried  out  by  a  method  already  described  [2]. 

After  a  double  recrystallization  from  alcohol,  a  product  having  a  m.p.  of  43-44°  was  obtained,  and  it  was  treated 
with  20*^  alcoholic  solution  of  caustic  potash  (30^o  excess).  As  a  result,  1,2-dibromocyclohexene-l  was  obtained, 
and  it  melted  at  39-40°  after  a  double  recrystallization  from  alcohoL 

Bromination  of  1,2-dibromocyclohexene-l.  To  20  g  of  1,2-dibromocyclohexene-l  in  a  solution  of  chloro¬ 
form  (1:1),  42  ml  (13.4  g)  of  bromine  in  chloroform  (It  1)  was  added,  with  chilling.  After  addition  of  all  the  brom¬ 
ine,  the  reaction  mixture  stood  for  a  day  at  room  temperature,  and  then  was  heated  on  a  water  bath  for  a  period  of 
2  hours  at  a  temperature  of  30-40°,  during  which  hydrogen  bromide  was  liberated.  Decolorization  of  the  solution 
did  not  take  place,  therefore,  the  unreacted  bromine  was  combined  with  a  sodium  sulfite  solution.  The  solution 
was  washed  with  water,  dried  over  calcium  chloride,  and  the  chloroform  removed  in  vacuo.  The  residue  was  dis¬ 
tilled  in  vacuo  at  3  mm.  We  obtained  three  principal  fractions:  the  first,  at  36-42°,  the  second,  at  74-90°,  and  the 
third,  at  90-100°.  The  second  and  third  fractions  consisted  of  the  original  1,2-dibromocyclohexene-l.  o-dibromo- 
benzene  and  1,1,2,2-tetrabromocyclohexane.  We  have  already  studied  these  fractions,  and' described  their  products; 
therefore,  in  the  present  report  we  do  not  consider  them. 

The  first  fraction  almost  completely  distilled  at  ordinary  pressure  at  155-157°.  The  yield  was  8^o, 

df  1.4980;  ng  1.5600;  literature  data;  di^  1.4950;  n^  1.5605  [3]. 

For  this  substance,  an  ultra-violet  absorption  spectrum  was  taken.  The  absorption  range  coincided  with  the' 
absorption  range  of  bromobenzene.  The  absorption  maxima  lie  at  the  wave  lengths:  2720,  2700,  2650  and  2560  A. 

SUMMARY 

1.  It  was  shown  that  by  reaction  of  molecular  bromine  with  1,2-dibromocyclohexene,  besides  1.1,2,2-tetra- 
bromocyclohexane  and  o-dibromobenzene,  up  to  8-10*70  of  bromobenzene  also  formed,  and  its  presence  in  the  mix¬ 
ture  was  demonstrated  spectroscopically. 

2.  Two  possible  schemes  for  the  formation  of  bromobenzene  were  suggested. 
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REACTION  OF  THE  a-OXIDES  OF  THE  ACETYLENE  SERIES 


WITH  HYDROGEN  SULFIDE.  Ill 
F.  Ya.  Perveev  and  N.  I.  Kudryashov 

It  was  found  earlier  that,  by  reacting  oxides  of  the  acetylene  and  vinylacetylene  series  with  hydrogen  sulfide 
in  the  presence  of  barium  hydroxide,  the  formation  of  the  corresponding  homologs  of  thiophene  takes  place  [1]: 


HC  — 

— C-R” 

y^\  , 

R-C=C-C - ^CH-R  -> 

I 

R-C 

II  . 

C-R 

1 

R” 

\3/ 

where  R=  CH,-,  CH2=CH-,  CgHg— , 

R’*  H.  CHj-and  R"=CH3-,  C^Hj- 


In  the  present  work  we  decided  to  use  the  method  described  earlier  for  obtaining  hydroxyalkylthiophenes  of 
the  type  (A), 


HC - C-R” 


RjCOH 


\/ 


A  similar  synthesis,  except  for  the  theoretical  values,  may  be  used  in  laboratory 
practice,  since  until  this  time  a  single-stage  synthesis  of  hydroxyalkylthiophene  had  not 
been  described.  Similar  compounds  were  obtained  by  acylation  of  thiophene  and  its 
homologs  [2]  by  the  Friedel -Crafts  method,  and  subsequent  reduction  of  the  acylthioph- 
enes  [3,  6] 


HC - CH 


HC  CH 

\s/ 

or  by  the  action  of  ethylene  on  the  sodium  derivative  of  thiophene  [4],  and  also  by  the  action  of  formaldehyde  on 
thiophene  magnesium  iodide  [5],  etc.. 

For  the  investigations,  we  took  oxides  that  were  colorless,  viscous  liquids,  and  were  highly  soluble  in  water, 
alcohol  and  ether  (Table  2). 


CHjCOCl 
— s - >- 

AlClj 


HC- 


CH 


HC- 


-CH 


J  ! 

\./ 


-COCH, 


HC 


C-CHOH-CH, 


TABLE  1 


Compound 

No. 


(I) 


(ID 


(III) 


Formula 

CHs 

>C0H-C=C-C0H-CH2C1.  .  .  . 

in. 

CH, 

>COH-C=C-COH-CH,Cl.  .  .  . 

ch/  I 

^2”®  CH, 

CH, 

>COH  -C =C  -COH  -CHCl  -CH,. 


B.p.  at  pres- 
sure  ( mm) 


115-116“  (5) 


105-106  (2) 


105-106  (2) 


f'D 


1.4840 


1.4868 


d5« 


MRp 


found  calc'd. 


1.1284  1  44.79 


1.1121 


Decomposi¬ 

tion 


49.35 


45.06 


49.67 


The  synthesis  of  the  acetylenic  y  -oxyalcohois  was  carried  out  by  starting  from  the  chloroglycols  of  the 
acetylenic  series  (Table  1),  which  in  turn  were  synthesized  by  the  lotsich  method:  to  ethyl  magnesium  bromide, 
with  intense  stirring  and  without  chilling,  the  calculated  quantity  of  acetylenecarbinol  was  added.  After  addi¬ 
tion  of  the  chloroketone,  the  reaction  mixture  was  treated  in  the  usual  way  after  12-14  hours. 

The  reaction  of  the  y  -oxyalcohois  with  hydrogen  sulfide  proceeds  smoothly.  The  method  of  production  in¬ 
cluded  the  following:  into  150  ml  of  water  and  20  g  of  Ba(OH)2  placed  in  a  round -bottomed  flask,  hydrogen  sul¬ 
fide  was  passed  for  a  period  of  several  minutes  with  intense  stirring;  then,  slowly,  the  oxide  was  added  dropwise 
(not  discontinuing  the  supply  of  hydrogen  sulfide).  The  rate  of  addition  was  regulated  so  that  die  temperature  of 
the  reaction  mixture  did  not  exceed  50-60".  After  the  oxide  was  run  in.  hydrogen  sulfide  was  again  passed  through 
for  a  period  of  1  hour.  After  treatment  of  the  reaction  mixture,  the  corresponding  hydroxythiophene  was  isolated. 
The  constants  of  the  compounds  obtained  are  presented  in  Table  3. 


TABLE  2 


Compound 

No. 


Formula 


B.p.  at  pres¬ 
sure  (mm) 


"D 


MRp 


found  calculated 


(IV) 


(V) 


(VI) 


CH,  /\ 

>COH  -C -C - CH, 

<iH3 


VCH-C-C^^H, 


CjHs 


98-99°  (11)  I  1.4622 


81-82  (2)  !  1.4650 


CH, 


CH 

CH 


^)>COH-CsC-d^  ^ 


H-CH, 


CH, 


80-81 (3) 


1.4618 


0.9890 


0.9747 


0.9637 


38.95 


43.73 


43.95 


38.81 


43.43 


43.43 


TABLE  3 


Compound 

Formula 

B.p.  at  pres- 

wm 

L _ mRd _ 

No. 

sure  (mm) 

found 

calculated 

(VH) 

HC - C-CH, 

Ih 

CH,/  \j/ 

100-101°  (9) 

m.p.  47-48° 

1  ^ 

- 

- 

- 

- 

(VIII) 

>COH-C  CH 

CH,/  \/ 

88-89  (3) 

1.5240 

1.0492 

50.2 

50.07 

(IX) 

HC - C-CH, 

II  II 

XOH-C  C-CH. 

\/ 

85-87  (2) 

1.5230 

1.0420 

49.92 

50.07 

The  compounds  obtained  gave  a  characteristic  color  with  isatin  sulfate;  vnth  mercury  aceMte  they  formed 
mercury  derivatives;  during  storage  they  gradually  lost  water,  giving  die  corresponding  vinyl  thiophenes.  On  treat¬ 
ment  of  the  hydroxyalkylthiophenes  with  dilute  sulfuric  acid,  the  compounds  presented  in  Table  4  were  precipita¬ 
ted. 

EXPERIMENTAL 

1.  Production  of  chloro-2.5-dimethyl-hexine-3-diol-2,5  (I).  To  an  ether  solution  of  1  mole  of  ethyl 
magnesium  bromide,  with  intense  stirring  and  at  room  temperature.  42  g  of  dimethylacetylenecarbinol,  obtained 
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by  the  method  of  A.  E.  Favorsky.  by  condensation  of  acetylene  with  acetone  over  powdered  K(M,  was  added.  Af¬ 
ter  addition  of  the  dimethylacetylenecarbinol,  the  reaction  mixture  was  mixed  again  for  a  period  of  1  hour,  after 
which,  also  without  chilling.  50  g  of  chloroacetone  was  added.  The  reaction  mixture  stood  over  night,  then  was  de¬ 
composed  by  acetic  acid.  After  suitable  treatment  and  distillation,  53  g  (60^o  based  on  the  amount  of  dimethyl¬ 
acetylenecarbinol  taken)  of  chloroglycols,  the  constants  of  which  are  presented  in  Table  1,  were  obtained.  The 
substance  was  a  viscous,  slightly  yellow  liquid. 

0.0877,  0.0918  g  sub.:  23.6,  24.8  ml  (13“.  751  mm).  0.1428.  0.1523  g  sub.:  0.1150.  0.1219  g  AgCl. 

Found  “/o:  active  H  1,137,  1.132;  Cl  19.92,  19.80.  C8H1JO2CI.  Calculated  <^01  active  H  1.141;  Cl  20.08. 


TABLE  4 


Compound 

No. 


B.p.  at  pres¬ 
sure  (mm) 


calculated 


tained  after  decomposition  of  the  organo-  magnesiurri  ;  complex,  was  treated  wrlth  powdered  KOH.  After  distilla¬ 
tion  in  vacuo,  38  g  of  oxide  and  14  g  of  unreacted  methylethylacetylenecarbinol  were  obtained.  Calculated  on  the 
basis  of  the  reacted  methylethylacetylenecarbinol,  the  oxide  yield  amountedto92l7o.  The  constants  are  given  in 
Table  2. 

0.0882,  0.0991  g  sub.:  13.6.  15.5  ml  C^*  (13°.  768.5  mm).  0.1087,  0.1012  g  sub.;  0.2786,  0.2591  g  COj; 
0.0904,  0.0865  g  HjO.  Found  °Jk  active  H  0.661,  0.671;  C  69.95,  69.87;  H  9.31,  9.33.  CjN^Oj.  Calcula¬ 
ted  active  H  0.654;  C  70.10;  H  9.15. 


•  Possibly  two  isomers. 
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5.  Production  of  2-chloro-3,6-dimethyl-heptine-4-diol-3,6  (III).  For  the  synthesis,  2-chlorobutanone-3 
and  dimethylacetylenecatbinol  were  used.  The  chloroglycol  was  synthesized  in  the  same  way  as  was  the  preceding. 
For  1  mole  of  ethyl  magnesium  bromide,  50  g  of  dimethylacetylenecarbinol  and  50  g  of  chloromethylethylketone 
were  used.  After  treatment  of  tlie  organo- magnesium  complex,  the  separation  of  the  chloroglycol  in  the  pure  form 
was  not  successful,  since  it  decomposed  on  distillation  in  vacuo  at  2  mm. 

6.  Production  of  3, 6-dimethyl ■oxido-2,3-heptin-4-ol-6  (VI).  The  dried  ether  solution  of  the  chloroglycol, 
after  decomposition  of  the  organo- magnesiurh  complex,  was  treated  with  powdered  KOH,  After  removal  of  the 
ether,  the  substance  was  distilled  in  vacuo.  We  obtained  48  g  of  oxide,  which  amounted  to  Ql°}o,  based  on  the  amount 
of  chloromethylethylketone  taken.  The  physical  constants  are  presented  in  Table  2. 

0.1144,  0.1062  g  sub.:  17.0,  16.5  ml  CH4  (13°.  760  mm).  0.1052,  0.1035  g  sub.:  0.2694,  0.2647  g  COj: 

0.0872,  0.0852  gH20.  Found  “yc:  active  H  0.630,  0.659:  C  69.89,  69,81;  H  9.28,  9.21.  C9HJ4O2.  Calcula¬ 
ted  °}o:  active  H  0.654;  C  70.10;  H  9.15. 

7.  Production  of  2-(a-hydroxylsopropyl)-4-methylthiophene  (VII).  In  a  round -bottomed  flask  fitted  with  a 
mechanical  stirrer  we  placed  20  g  of  Ba(OH)2  and  150  ml  of  water.  Hydrogen  sulfide  was  passed  into  the  solution 
for  30  minutes,  after  tvhich  35  g  of  2,§-dimethyloxido-l,2-hexin-  3-ol-5  was  added  dropwise.  The  temperature 
of  the  reaction  mixture  rapidly  rose  to  60°.  Addition  of  the  oxide  was  regulated  so  that  tlie  temperature  did  not 
exceed  60°.  After  addition  of  all  the  oxide,  hydrogen  sulfide  was  passed  in  again  for  a  period  of  1  hour.  Then  the 
reaction  mixture  was  acidified  with  the  calculated  amount  of  acetic  acid,  and  extracted  with  ether.  The  ether 
solution  was  dried  over  Na2S04.  the  ether  was  removed,  and  the  remaining  material  was  distilled  in  vacuo.  We 
obtained  31  g  of  product,  which  amounted  to  19Fjo  of  the  theoretical.  The  hydroxythiophene  quickly  crystallized 
in  a  vessel;  that  which  was  recrystallized  from  ligroin  melted  at  47-48°.  With  isatin  in  concentrated  sulfuric  acid, 
it  gave  a  dark  reddish -violet  color.  With  mercury  acetate,  it  formed  a  yellow  precipitate,  which  decomposed  at 
230°  without  melting.  On  standing,  water  was  liberated,  and  the  substance  was  converted  to  a  brown  liquid. 

0.1015,  0.1031  g  sub.:  15.7  ml  CH4  (13.5°,  751.8  mm).  Found  <yo:  active  H  0.647,  0.637.  CgH^jOS.  Cal¬ 
culated  •yo;  active  H  0.645. 

8.  Production  of  2-isopropylene -4-methylthiophene  (X).  5  g  of  hydroxythiophene  (VII)  was  heated  with 

100  ml  of  yy]o  sulfuric  acid.  The  dehydration  product  was  distilled  with  steam,  extracted  with  ether,  and  dried 
over  calcined  potash,  the  ether  was  removed,  and  the  substance  was  distilled  in  vacuo.  The  physical  constants 
are  given  in  Table  4. 

0.2317,  0.2531  g  sub.:  0.3944,  0.4292  g  BaS04.  Found ‘yo:  S  23.38,  23.29.  CgH^jS.  Calculated  •yo:  S  23.20. 

9.  Production  of  2 -(a -hydroxy-sec,  butyl) -4-methylthiophene  (VIII).  It  was  obtained  just  as  was  the  pre - 
ceding  substance.  We  used  20  g  of  Ba(OH)2,  150  ml  of  water,  and  32  g  of  2,5-dimethyloxido-l,2-heptin  -3-ol-5, 

The  addition  of  the  oxide  was  regulated  so  that  the  temperature  of  the  reaction  mixture  did  not  exceed  50°.  After 
treatment,  as  described  above,  and  distillation,  we  obtained  28  g  of  hydroxythiophene,  which  amounted  to  BO’Jo. 

With  isatin  sulfate,  it  gave  a  dark -red  color.  The  constants  are  presented  in  Table  3. 

0.1048  g  sub.:  13.9  ml  CH4  (10.5°,  768.3  mm).  0.0990  g  sub.:  14.5  ml  CH4  (13°.  767.5  mm).  0.2621. 

0.2738  g  sub.:  0.3545,  0.3722  g  BaS04.  Found  active  H  0.577,  0.627;  S  18.58,  18.67.  C9H14OS.  Cal¬ 
culated ‘yo:  active  H  0.592;  S  18.84. 

10.  Production  of  2-(« -methylpropenyl)-4-methylthiophene  (XI).  16  g  of  hydroxythiophene  (VIII)  was 


lO'yo  H2SO4  as  described  above.  The  physical  constants  of  the  compound  obtained  are  given  in  Tkble  4. 
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0.1821,  0.2013  g  sub.:  0.2775,  0.3055  g  BaSO^.  Found  <7c:  S  20.94.  20.85.  CjHujS.  Calculated  <70;  S  21.06  . 

SUMMARY 

1.  By  reaction  of  dimethylacetylenecarbinol  and  methylethylacetylenecarbinol  with  chloroacetone  and  2- 
chlorobutanone -3,  according  to  the  method  of  lotsich,  we  carried  out  for  the  first  time,  the  synthesis  of  the  follow¬ 
ing  compounds:  chloro-2,5-dimethylhexine-3-diol-2,5,- chloro-2,5-dimethyl-heptine-3-diol-2.5  and  2-chloro- 

3, 6 -dimethyl -heptine  -4-diol-3,6. 

2.  The  acetylenic  chloroglycols  treated  with  powdered  KOH  gave  the  following  y  -hydtoxyalcohols:  2,5-di- 
methyloxido-l,2-hexin-3-51-5.  2,5-dimethyloxido-l,2-heptin-3-ol-5  ant!  3.6-dimethyloxido-2,3-’ 

heptine  -4-0I-6. 

3.  By  reaction  of  the  above-mentioned  oxides  with  hydrogen  sulfide  in  the  presence  of  Ba(OH)2,  we  syndie- 
sized  tlie  following  hydroxyalkylthiophenes:  2-(a -hydroxyisopropyl)-4-metltylthiophene,  2 -(a -hydroxy -sec.  butyl)- 
4-methylthiophene  and  2-{a -hydroxyisopropyl)-4,5-dimethylthiophene. 

4.  By  dehydration  of  the  hydroxyalkylthiophenes  with  dilute  sulfuric  acid,  we  obtained  the  following  vinyl - 
thiophenes;  2-isopropyl -4-methylthiDphene,  2-(a -methylpropenyl)-4-methylthiophene  and  2-isopropenyl-4,5- 
dimethylthibphene.  The  synthesis  of  all  the  compounds  listed  above  was  carried  out  for  the  first  time. 
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SYNTHESIS  OF  DIACETYLENIC  GLYCOLS  IN  THE  PRESENCE  OF  CujBtj 


A.  I,  Nogaideli  and  R.  Shvangiradze 


It  is  well-knovm  that  Yu.  S,  Zalkind  and  his  students  were  the  first  to  use  cuprous  polychloride  as  a  condens¬ 
ing  agent  for  the  production  of  diacetylenic  derivatives  [1], 

Our  experiments  showed  diat  cuprous  polybromide  is  a  better  condensing  agentthan  CU2CI2,  for  mono-substi¬ 
tution  of  the  acetylenecarbinols.  The  advantages  of  Cu2Br2  include  die  fact  that  a  more  uniform  condensation  pro¬ 
duct  is  obtained  from  the  reaction.  On  condensation  of  dimethylacetylenecarbinol  in  the  presence  of  cuprous 
polybromide,  a  quantitative  yield  of  2,7-dimethyl-octadiene-3,5-diol-2,7  was  obtained. 

We  also  used  Cu2Br2  for  the  synthesis  of  diacetylene  glycols  of  asymmetrical  structures.  Similar  diacetylene 
glycols  were  not  known. 

It  was  shown  that  by  reacting  an  equimolecular  mixture  of  dimethylacetylene  -  and  cyclopentylacetylene - 
carbinol,  a  diacetylene  glycol  of  asymmetrical  structure  —  2-methyl-6-(l’-hydroxycyclopentyl)-hexadien  -3,5- 
0I-2,  having  a  m.p.  of  105-107°,  was  obtained  in  a  yield  of  80-Sd1o.  Another  glycol  having  a  m.p.  of  124-127° 
also  was  obtained  in  small  quantity. 

Thus,  of  the  three  possible  glycols  from  this  reaction,  the  glycol  of  asymmetrical  structure  (I)  formed. 


/ 


,CH2-CH 


CHo  -COH  -C =C  -C  =  C  -COH 


CH, 


(I) 


mn  I 

CHo-CH 


2 


2 


Further  investigation  showed  that  this  reaction  could  also  be  carried  out  using  other  carbinol  homologs. 


EXPERIMENTAL 


1.  Condensation  of  dimethylacetylenecarbinol  in  the  presence  of  Cu2Br2.  To  a  reaction  mixture  consist¬ 
ing  of  66.8  g  of  NH4CI,  33  g  of  Cu2Br2,  280  ml  of  H2O  and  2-3  drops  of  concentrated  hydrochloric  acid,  in  a  three - 
necked  flask,  10  g  of  dimethylacetylenecarbinol  was  added  dropwise,  with  constant  stirring  and  bubbling  in  of  air. 
The  mixture  was  heated  to  40-50°.  After  30-40  minutes,  white  crystals  began  to  precipitate  in  the  clear  solution. 

A  total  of  9.6  g  (97.4*70)  of  crystals  (from  benzene)  having  a  m.p.  of  130-131°  was  obtained. 

2.  Synthesis  of  2-methyl-6-(l' -hydtoxycyclopentyl)-hexadien  — 3,5-ol-2.  A  mixture  of  59.8  g  of  NH4CI, 
29.8  g  of  Cu2Br2  and  240  ml  of  water  was  used  for  the  reaction;  2-3  drops  of  concentrated  hydrochloric  acid  was 
added.  With  constant  stirring,  a  mixture  of  4  g  of  dimethylacetylenecarbinol  and  5,2  g  of  cyclopentylacetylene - 
carbinol  was  added  dropwise. 

The  precipitate  (9.2  g)  was  recrystallized  from  benzene.  The  first  portion  of  crystals  (8.0  g)  had  a  m,p.  of 
105-107°.  The  second  portion  (0.5  g)  melted  at  124-127°.  The  mixed  sample  melted  at  114-125°. 

Analysis  of  crystals  having  a  m.p.  of  105-107°; 

0.0848  g  sub.:  2.2316  g  CO2;  0.0644  g  HjO.  0.0168  g  sub.:  0.12  g  benzene:  At  30°.  0.0880  g  sub.: 

23  ml  CH4  (18°.  722  mm).  Found  *70;  C  74.50;  H  8.44;  M  193.  Ci2Hi4(OH)2.  Calculated  <7o:  C  75.00; 

H8.33.  M  192:  23  ml  CH4. 


SUMMARY 

1.  It  was  found  that  Cu2Br2,  as  well  as  CU2CI2,  is  a  good  condensing  agent  for  the  production  of  diacetylenic 
glycols  from  mono -substituted  acetylenecarbinols. 
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2.  On  reacting  an  equimolecular  mixture  of  dimethylacetylene  and  cyclopentylacetylenecarbinol  in  the 
presence  of  Cu2Br2.  we  obtained  for  the  first  time  a  glycol  of  asymmetrical  structure  —  2-methyl-6-(l’ -hydroxy- 
cyclopentyl) -hexadien— 2,5 -ol -2,  in  a  yield  of  85-88^o. 
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NEW  METHOD  OF  SYNTHESIZING  THE  ESTERS  OF  PHOSPHINIC 


AND  THIOPHOSPHINIC  ACIDS 

XVII.  ADDITION  OF  THE  ESTERS  OF  ETHYLPHOSPHINOUS  ACID.  DIALKYLPHOSPHOROUS 
AND  DIALKYLTHIOPHOSPHOROUS  ACIDS  TO  UNSATURATED  KETONES 

A.  N.  Pudovik,  R,  D.  Sabirova  and  T.  A.  Tener 


In  spite  of  the  positive  interest  in  them, the  esters  of  the  ketophosphinic  acids,  which  contain  ketonic  and 
phosphinic  groups  connected  directly  to  or  separated  from  the  methylene  group,  until  now  seem  to  have  been  a 
comparatively  little  studied  group  of  the  organo-phosphorus  compounds.  Until  recently,  the  majority  of  known 
compounds  of  this  type  were  obtained  chiefly  by  the  method  of  A.  E.  Arbuzov.  The  first  representative  ester  of 
the  ketophosphinic  acids  was  synthesized  by  A.  E.  Arbuzov  and  Razumov,  Reacting  triethyl  phosphate  with  bromo- 
acetophenone,  they  obtained  diethylphosphoneacetophenone  [1].  And  later  on,  Razumov  and  Petrov,  by  a  similar 
method,  synthesized  diethylphosphoneacetone  [2].  Kabachnik  and  Rossyskaya  [3],  reacting  a  fatty  acid  halide  with 
the  complete  ester  of  phosphorous  acid,  obtained  a  ketophosphinic  ester,  in  which  the  ketonic  and  phosphinic  groups 
were  directly  connected.  Using  benzoyl  halide  instead  of  a  fatty  acid  halide,  Kosolapov  [4]  obtained  the  ethyl 
ester  of  benzoylphosphinic  acid.  A.  E.  Arbuzov.Zoroastrovaand  Rizpolozhensky  studied  the  action  of  acetyl  bromide 
on  the  cyclic  esters  of  phosphorous  acid.  Depending  on  the  nature  of  the  ester  group,  the  reaction  proceeds  either 
with  preservation  of,  or  with  rupture  of  the  ring  [5]. 

In  connection  with  the  discovery  and  development  by  one  of  us  of  a  new  method  of  synthesizing  esters  of 
phosphinic  and  thiophosphinic  acids,  including  the  addition  of  dialkylphosphorous,  dialkylthiophosphorous  and  phos- 
phinous  acids,  and  also  ethyl  phosphoacetate,  phosphoneacetone  and  similar  types  of  compounds  containing  a 
mobile  hydrogen  atom,  to  unsaturated  compounds  of  the  electrophilic  type,  a  new,  extremely  simple  and  conven¬ 
ient  method  for  the  synthesis  of  esters  of  the  ketophosphinic  acids  was  proposed  [6].  Essentially,  the  method  con¬ 
sists  of  addition  of  dialkylphosphorous  and  dialkylthiophosphorous  acids  to  a.0  -unsaturated  ketones.  In  a  series  of 
previous  reports,  it  was  shown  that  dialkylphosphorous  and  dialkylthiophosphorous  acids,  and  also  ethyl  phosphon- 
acetate.  add  easily  and  smoothly  to  ethylideneacetone,  benzalacetone  and  furfuralacetone.  Addition  products  of 
dialkylphosphorous  and  dialkylthiophosphorous  acids  were  also  formed  with  more  complex  unsaturated  ketones  — 
mesityl  oxide,  0  ,S  -dimethylvinyl-0 -methoxyethyl  ketone,  a.5  -dimethylvinyl  ketone,  a  -methylvinyl-y  -methoxy- 
propyl  ketone  and  0,0  -dimethyldivinyl  ketone.  All  the  addition  reactions  were  carried  out  in  the  presence  of  alka¬ 
li  metal  alcoholates.  In  case  of  the  unsaturated  ketones  having  a  large  number  of  substitution  groups,  the  reaction 
proceeds  sufficiently  energetically,  but  for  its  accomplishment,  a  considerable  amount  of  catalyst  is  required. 

The  sharpest  effect  of  substitution  groups  —  the  screening  effect  —  appears  to  be  the  case  of  the  addition  of  ethyl- 
phosphonacetate  to  unsaturated  ketones.  Even  in  the  presence  of  a  large  amount  of  catalyst  and  with  prolonged  heat¬ 
ing,  we  did  not  succeed  in  bringing  about  the  addition  of  it  to  mesityl  oxide  and  0  -methyl -0  -ethylvinylethyl  ket¬ 
one. 

Continuing  our  earlier  investigations,  in  the  present  report  we  have  studied  the  addition  of  dialkylphosphorous 
and  dialkylthiophosphorous  acids  to  some  new  unsaturated  ketones:  hepten-3-one-2,  1-phenylpenten  —  l-one-3 
and  3-methylhepten  —  l-one-5.  Addition  was  carried  out  in  the  presence  of  alkali  metal  alcoholates  by  the  method 
described  in  detail  in  preceding  reports.  The  constants  of  the  addition  products,  corresponding  to  the  ketophosphin¬ 
ic  and  ketothiophosphinic  esters,  are  presented  in  Table  1. 

We  went  on  to  studies  of  the  addition  of  the  esters  of  ethylphosphinous  acid  to  unsaturated  ketones.  The  esters 
of  aryl-  and  alkylphosphinous  acids  have  become  known  only  recently.  A  series  of  esters  of  phenylphosphinous 
acid  were  obtained  by  Kosolapov  [7],  Pudovik  and  Yarmukhametov  [8],  but  the  esters  of  ethylphosphinous  acid 
were  described  for  the  first  time  in  a  report  by  B.  A.  Arbuzov  and  Rizpolozhensky  [9].  We  carried  out  additions 
of  the  esters  of  ethylphosphinous  acids  to  ethylideneacetone,  benzalacetone.  benzalethylmethyl  ketone,  mesityl 
oxide  and  3-methylhepten—  3-one-5. 
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Formula  1 

1 

df 

Yield  (%  of  the 
theoretical) 

1  1 

i 

1 

1 

1 

C3H7CHCH2COCH3 

0  =  i>(0C2H5)2 

139-140' (8) 

i 

1.4415 

1.0234  i 

1 

63 

1 

2 

CJH7CHCH2COCH3 

0  =  ^0C4H9)2 

166-167  (5) 

i 

1.4450 

0.9813 

61 

3 

CjHtCHCHjCOCHs 

S  =  P(0C2H5)2 

133-134  (4) 

1.4740 

1.0428 

42 

4 

C2H5C(CH3)CH2C0CH3 

1 

0  =  P(0C2H5)2 

124-126  (2) 

1.4481 

1.0308 

31 

5 

C2HsC(CH3)CH2COCH3 

S  =  P(0C2H5)2 

141-143(6) 

1.4798 

1.0491 

62 

6 

C6H5CHCH2COC2HS 

0=P(0CH3)2 

195-196  (10) 

1.5140 

1.1610 

71 

7 

CsH5Chch2CCx;2H5 

0  =  ^0C2Hs)2 

154-155(1) 

1.4971 

1.1040 

61 

Reaction  was,  as  in  the  case  of  the  dialkylphosphorous  and  dialkylthiopho^horous  acids,  preceded  by  an  in¬ 
duction  period,  lasting  in  different  cases  from  several  seconds  to  several  minutes,  after  which  the  reaction  proceeded 
very  rapidly,  accompanied  by  a  strong  evolution  of  heat.  Qualitatively,  it  was  observed  that  an  increase  in  the  num¬ 
ber  of  groups  replaced  by  vinyl  groups  lengthens  the  time  of  the  induction  period  and  requires  a  larger  amount  of 
catalyst  for  completion  of  the  reaction.  For  carrying  out  all  the  reactions,  we  used  sodium  alcoholate  and  an  ester 
of  ethylphosphinous  acid,  containing  the  same  radicals  in  the  ester  group. 

The  reaction  can  be  represented  by  the  following  equation; 

R’\  R’v 


CHCOR" 


CCH2COR"’  , 

I 


where  R=  CjHj,  n-qHg;  R’  =  H,  CHj;  R”  =  CH,,  CjHg,  CgHg-,  R”  =  CH3,  C2H5. 

The  constants  and  yields  of  the  synthesized  addition  products  of  the  corresponding  esters  of  ketophosphinic 
acids  are  provided  in  Table  2. 

The  yields  of  addition  products  of  the  esters  of  ethylphosphinous  acid  and  unsaturated  ketones  were  some¬ 
what  lower  than  for  the  dialkylphosphorous  and  dialkylthiophosphorous  acids.  The  ketophosphinic  esters  obtained 
were  colorless  liquids  having  disagreeable  odors,  and  were  highly  soluble  in  alcohol  and  ether,  and  partially  solu¬ 
ble  in  water. 


EXPERIMENTAL 

Addition  of  Dialkylphosphorous  and  Dialkylthiophosphorous  Acids  to 


Unsaturated  Ketones 

Addition  of  diethylphosphorous  acids  to  butylideneacetone.  6.3  g  of  butylideneacetone  was  added  to  6  g  of 


diethylphosphorous  acid,  and  a  saturated  solution  of  sodium  ethylate  was  introduced  dropwise.  After  a  short  induc¬ 
tion  j)eriod,  the  reaction  proceeded  very  vigorously,  accompanied  by  a  large  liberation  of  heat.  The  reaction 
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1 

CH3CHCH2COCH3 

0  =  P(C2H5)OC2Hs 

139” (9) 

1.4561 

1.0435 

63 

2 

CH3CHCH2COCH3 

0=iI(C2H5)0C4H9 

156-157  (5) 

1.4563 

1.0121 

50 

3 

C5H5CHCH2COCH3 

0=P(CjH5)OC2Hs 

178-179  (8) 

1.5150 

1.1084 

46 

4 

C6H5CHCH2COCH3 

0=i(C2H5pC4H9 

194-196(6) 

1.5188 

1.0906 

44 

5 

C6H5CHCH2COC2H5 

0  =  P(C2H5)0C2H5 

178-180 (8) 

1.5096 

1.1008 

48 

6 

C6H5CHCH2COC2H5 

0  =  P(C2H5)0C4H9 

196-198  (7) 

1.5109 

1.0664 

47 

7 

(CHs)2j:CH2COCH3 

0  =  P(C2H5)0C2H5 

152.5(14) 

1.4577 

1.0392 

46 

8 

(CH3)2CCH2C0CH3 

0=P(C2H5)0C4H9 

C2H5. 

154-155.5(6) 

1.4588 

1.0066 

36 

9 

\CCH2COCH3 

CH,'^  1 

0  =  P(C2H5)0C4H9 

176-177  (11) 

1.4641 

1.0002 

55 

mixture  was  heated  on  a  boiling  water  bath  for  20  minutes,  and  then  distilled  in  vacuo.  As  a  result  of  two  dis¬ 
tillations,  6.9  g  of  4-(dimethylphosphono)-heptanone-2  (Table  2,  Compound  1)  was  formed. 

MRp  64.55;  calculated  63.87. 

0.1300,  0.1352  g  sub.;  29.7,.  30.8  ml  NaOH  (T  =  0.01962).  Found  <70!  P  12.26,  12.32.  C11H2JO4P.  Cal¬ 
culated  '^0:  P  12.40. 

Addition  of  dibutylphosphorous  acid  to  butylideneacetone.  The  reaction  was  carried  out  with  9.7  g  of  di- 
butylphosphorous  acid  and  6.3  g  of  butylideneacetone  in  the  presence  of  sodium  butylate.  The  method  of  carrying 
out  the  reaction  was  similar  to  that  described  in  the  preceding  experiment.  9.2  g  of  4-(dibutylphosphono)-heptan- 
one-2  and  a  series  of  low -boiling  fractions  (Table  1,  compound  2)  were  formed. 

MRj)  82.86:  calculated  82.35. 

0.1498,  0.1733  g  sub.:  28.8,  33.8  ml  NaOH  (T  =  0.01962).  Found ‘7o;  P.10.48.  C15H51O4P.  Calculated  <70: 

P  10.13. 

Addition  of  diethylthiophosphorous  acid  to  butylideneacetone.  5.1  g  of  diethylthiophosphorous  acid  and 
3.7  g  of  butylideneacetone  were  used  in  the  reaction.  The  reaction  was  carried  out  in  the  presence  of  sodium  '  . 
ethylate.  As  a  result  of  2  distillations  of  the  reaction  mixture.  3.7  g  of  4-(diethylthiophosphono)-heptanone-2 
(Table  1,  compound  3)  was  obtained. 

MRj)  71.69;  calculated  71.36. 

0.1233  g  sub.:  27.6  ml  NaOH  (T  =  0.01962).  Found  <7o:  P.12.03.  C11H2SO5PS.  Calculated  <7=:  P  11.65. 


Synthesis  of  3-methylhepten  -  3-one-5.  In  a  round -bottomed  flask,  fitted  with  a  mechanical  stirrer  and  a 
reflux  condenser,  200  ml  of  dry  methyl  ethyl  ketone  and  50  g  of  finely-ground  calcium  carbide  were  placed. 

The  reaction  mixture  was  heated  on  a  water  bath,  with  stirring,  for  10  hours.  Then  the  calcium  carbide  and  the 
lime  that  formed  were  filtered  off,  the  acetone  was  distilled  from  the  filtrate,  and  the  residuals  were  distilled 
through  a  visual  measuring  column.  The  yield  of  ketone  amounted  to  25-30^o.  The  b.p.  was  163-165°. 

Addition  of  diethylphosphorous  acid  to  3-methylhepten  -  3 -one -5.  6. 1  g  of  diethylphosphorous  acid  was 

added  to  5.5  g  of  3-methylhepteu  — 3-one-5,  and  a  solution  of  sodium  ethylate  was  introduced  slowly  by  drops. 
A'strong  evolution  of  heat  from  the  reaction  mixture  was  observed.  After  a  half-hour  of  heating  on  a  boiling 
water  bath,  the  reaction  mixture  was  distilled  in  vacuo.  As  a  result  of  2  distillations.  3.6  g  of  5-methyl-5-(diethyl- 
phosphono)-heptanone-3  (Table  1,  compound  4)  was  obtained.  A  large  resinous  residue  was  observed  in  the  flask 
after  the  distillation. 

MRj)  68.56;  calculated  68.48. 

0.1368  g  sub.:  30.3  ml  NaOH(T  =  0.01962).  Found ‘l/o-  P  11.91.  C12H25O4P.  Calculated ‘7o:  P  11.74. 

Addition  of  diethylthiophosphorous  acid  to  3-methylhepten.  3-one-5.  5.4  g  of  3-methylhepten  3-one-5 

and  6.6  g  of  diethylthiophosphorous  acid  were  used  for  the-reaction.  The  reaction  was  carried  out  in  the  presence 
of  sodium  ethylate.  7.4  g  of  5-methyl-5-(diethylthiophosphono)-heptanone-3  (Table  1.  compound  5)  was  obtained. 

MRd  75.83;  calculated  75.98. 

0.1100  g  sub.:  49.0  ml  NaOH  (T  =  0.008808).  Found  70;  P  10.86.  C12H25O3PS.  Calculated '?b:  P.  11.07. 

Addition  of  dimethylphosphorous  acid  to  benzylidene  methyl  ethyl  ketone.  The  reaction  was  carried  out 
with  11.7  g  of  benzylidene  methyl  ethyl  ketone  and  10  g  of  dimethylphosphorous  acid  in  the  presence  of  sodium 
methylate.  The  reaction  proceeded  very  energetically,  accompanied  by  a  strong  evolution  of  heat.  After  heat¬ 
ing  for  20  minutes  on  a  boiling  water  bath,  the  reaction  mixture  was  distilled  in  vacuo.  After  2  distillations, 

14.2  g  of  l-phenyl-l-(dimethylphosphono)-pentanone-3  (Table  1,  compound  6)  was  obtained. 

MRd  69.99;  calculated  69.49. 

0.1330  g  sub.:  63.8  ml  NaOH  (T  =  0.008808).  Found  <7°:  P  11.69.  C13H19O4P.  Calculated ‘7o:  P  11.49. 

Addition  of  diethylphosphorous  acid  to  benzylidene  methyl  ethyl  ketone.  8  gbenzylidene  methyl  ethyl  ketone, 
6.9  g  of  diethylphosphorous  acid  were  used  imlhe  reaction.  9  g  of  1 -phenyl -1 -(diethylphosphoiB  )-pentanone -3 
(Table  1,  compound  7)  was  isolated. 

MRd  79.00;  calculated  78.71. 

0.1010  g  sub.:  19.5  ml  NaOH  (T  =  0.01962).  Found  <70:  P  10.36.  C15H2SO4P.  Calculated  <7o:  P  10.40. 
Addition  of  Esters  of  Ethylphosphinous  Acid  to  Unsaturated  Ketones 

Addition  of  the  ethyl  ester  to  ethylideneacetone.  To  a  mixture  of  6.3  g  of  the  ethyl  ester  of  ethylphosphin¬ 
ous  acid  and  4.4  g  of  ethylideneacetone,  placed  in  an  Arbuzov  flask,  a  saturated  solution  of  sodium  ethylate  was 
introduced  slowly  by  drops.  The  reaction  proceeded  very  readily,  accompanied  by  a  strong  evolution  of  heat.  A 
total  of  about  15  drops  of  ethylate  was  added.  After  heating  for  1  hour  on  a  boiling  water  bath,  the  reaction  mix¬ 
ture  was  distilled  in  vacuo.  As  a  result  of  2  distillations,  6.8  g  of  2-(ethoxyethylphosphinoxido)-pentanone-4  (Table 
2,  compound  1)  was  obtained. 

MRd  53.67;  calculated  52.99. 

0.1460,  0.2187  g  sub.:  88.6,  162.2  ml  NaOH  (T  =  0.008808).  Found  <70:  P.14.74,14.82.  CjHiaOjP. 

Calculated  <70:  P  15.05. 

Addition  of  the  butyl  ester  to  ethylideneacetone.  4.5  g  of  ethylideneacetone  and  8  g  of  the  n -butyl  ester 
of  ethylphosphinous  acid  were  used  in  the  reaction.  For  carrying  out  the  reaction,  30  drops  of  a  saturated  solution 
of  sodium  butylate  were  added  to  the  reaction  mixture.  As  a  result  of  distillation  of  the  reaction  mixture,  the 
following  fractions  were  obtained:  1st,  b.p.  36-110°  (7  mm),  5.6  g;  2nd,  b.p.  143-154°  (7  mm),  4.6  g.  As  a  re¬ 
sult  of  distillation  of  die  2nd  fraction,  2-(butoxyethylphosphinoxido)-pentinone-4  (Table  2,  compound  2)  was  ob¬ 
tained. 


Bromination  of  the  addition  product,  according  to  Mcllliney  showed  the  absence  of  a  double  bond. 


MRp  62.88;  calculated  62.23. 

0.1274  g  sub.:  68.1  ml  NaOH(T  =  0.008808).  Found  P  13.03.  CuH2sOjP.  Calculated  <7c.;  P  13.25. 

Addition  of  the  ethyl  ester  to  benzylideneacetone.  To  a  mixture  of  5  g  of  die  ethyl  ester  of  cthylphosphinous 
acid  and  5.6  g  of  benzylideneacetone,  about  20  drops  of  a  saturated  solution  of  sodium  ethylate  was  added  slowly. 
After  a  brief  heating  on  the  water  bath  and  distillation  in  vacuo,  4.8  g  of  a  fraction  having  a  b.p.  of  150-178“ 
at  8  mm  was  separated.  By  re -distillation  from  an  Arbuzov  flask  fitted  with  a  small  fractionating  column  having 
an  internal  spiral,  4.8  g  of  1 -phenyl -l-(ethoxyethylphosphinoxido/-butanone-3  (Table  2,  compound  3)  was  obtained. 

MRq  72.91;  calculated  72.48. 

0,1122  g  sub.:  24.5  ml  NaOH  (T  =  0.01962).  Found <7or  P  11.85.  CnHaiOjP.  Calculated‘S:  P  11.56. 

Addition  of  the  butyl  ester  to  benzylideneacetone.  The  reaction  was  carried  out  with  4.3  g  butyl  ester  and 
4.1  g  of  benzylideneacetone  in  the  presence  of  sodium  butylate.  3.7  g  of  1 -phenyl -1 -(butoxyethylphosphinoxido)- 
pentanone-3  (Table  2,  compound  4)  was  isolated,  Bromination  of  the  addition  product,  according  to  Mcllliney, 
showed  the  absence  of  a  double  bond. 

MR£)  82.34;  calculated  81.71. 

0.1322,  0.1590  g  sub  :  26.7,  32.0  ml  NaOH  (T  =  0.01962).  Found'S:  P  10.97,  10.93.  CigH^jOgP.  Calcula¬ 
ted  ‘S:  P  10.47, 

Addition  of  the  ethyl  ester  to  benzylidene  methyl  ethyl  ketone.  2.2  g  of  the  ethyl  ester  of  ethyl{^osphinous 
acid  and  2.9  g  of  benzylidene  methyl  ethyl  ketone  were  used  in  the  reaction,  2.5  g  of  l-phenyl-l-(ethoxyethyl- 
phosphinoxido>pentanone-3  (Table  2,  compound  5)  was  obtained. 

MRd  76.57;  calculated  77.08. 

0.1642  g  sub.:  72.1  ml  NaOH  (T  =  0.008808).  Found'S:  P  10.71.  C15H23O3P.  Calculated'S:  P  10'.98. 

Addition  of  the  butyl  ester  to  benzylidene  methyl  ethyl  ketone.  The  reaction  was  carried  out  with  6.4  g 
of  benzylidene  methyl  ethyl  ketone  and  6  g  of  the  butyl  ester  of  ethylphosphinous  acid  in  the  presence  of  sodium 
butylate.  After  an  hour  of  heating  on  the  water  bath,  the  reaction  mixture  was  distilled  in  vacuo.  The  first  dis¬ 
tillation  proceeded  with  little  indication  of  decomposition.  The  1st  fraction  in  the  amount  of  4.4  g  boiled  within 
the  range  80-175“  at  10  mm  and  the  2nd,  in  an  amount  of  5.8  g,  in  a  range  of  194-208“  at  9  mm.  On  repeated 
distillations  of  the  second  fraction,  5.8  g  of  1 -phenyl -l-(butoxyethylphosphinoxido)-pentanone-3  Table  2,  com¬ 
pound  6)  was  obtained. 

MRd  87.06;  calculated  86.34. 

0.1827  g  sub.:  34.3  ml  NaOH  (T  =  0.01962).  Found'S;  P  10.21.  CnH270jP.  Calculated'S:  P  10.00. 

Addition  of  the  ethyl  ester  to  mesityl  oxide.  For  carrying  out  the  reaction,  25  drops  of  a  saturated  solution 
of  sodium  ethylate  was  added  to  a  reaction  mixture  consisting  of  3.2  g  of  mesityl  oxide  and  4  g  of  ethyl  ester  of 
ethylphosphinous  acid.  We  observed  a  considerable  induction  period,  after  which  the  reaction  proceeded  very  ener¬ 
getically,  with  a  strong  evolution  of  heat.  After  heating  for  1  hour  on  a  water  bath,  and  distilling  2  times  in 
vacuo,  3.3  g  of  2-methyl-2-(ethoxyethylphosphinoxido>^entanone4  (Table  2,  compound  7)  was  obtained. 

MRd  57.73;  calculated  57.61. 

0.1613  g  sub.;  41.1  ml  NaOH  (T=  0.01962).  Found'S:  P  13.83.  C10H21O5P.  Calculated'S:  P  14.09. 

Addition  of  the  butyl  ester  to  mesityl  oxide.  For  carrying  out  the  reaction,  about  50  drops  of  a  saturated 

solution  of  sodium  butylate  was  added  to  a  mixture  of  6.5  g  of  mesityl  oxide  and  10  g  of  butyl  ester  of  ethylphos¬ 
phinous  acid.,  6  g  of  2-methyl -2-(but®xyphosphinoxido>-pentanone -4  (Table  2,  compound  8)  was  obtained. 

MRd  67.32;  calculated  66.81. 

0.1405  g  sub.:  31.1  ml  NaOH  (T  =  0.01962).  Found'S:  P  12.79.  C12H25OJP.  Calculated'S:  P  12.50. 

Addition  of  the  butyl  ester  to  3-methylhepten— 3-one-5.  About  60  drops  of  a  solution  of  sodium  ethylate 
was  added  to  a  reaction  mixture  consisting  of  7  g  of  thelMityl  ester  of  ethylphosphinous  acid  and  8  g  of  3-methyl¬ 
hepten --3 -one -5.  The  reaction  was  preceded  by  a  considerable  induction  period.  As  a  result  of  2  distillations 
of  the  reaction  mixture, 7. 2  g  of  3-methyl-3-(butoxyethylphosphinoxido)hexanone-5  (Table  2,  compound  9)  was 
obtained. 
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MRp  76.16;  calculated  76.09. 

0.1355,  0.1217  g  sub,;  27.0,  25.9  ml  NaOH  (T  =  0,01962).  Found ‘/o;  P  10,82,  11.56.  C14H29OJP. 

Calculated  P  11.23. 

SUMMARY 

1.  It  was  shown  that  the  esters  of  phosphinous  acid  add  to  unsaturated  ketones  in  the  presence  of  alkali  metal 
alcoholates.  Wexarried  out  the  addition  of  the  ethyl  and  butyl  esters  of  ethylphosphinous  acid  to  ethylideneacet- 
one,  benzylideneacetone,  benzylidene  methyl  etiiyl  ketone,  mesityl  oxide  and  3-methylhepten--3-one-5, 

2.  We  obtained  a  series  of  new  ketophosphinic  esters  by  addition  of  diethylphosphorous,  diethylthiophosphorous 
and  dibutylphosphorous  acids  to  hepten  -  3-one-2,  1-phenylpenten  - l-one-3  and  3-methylhepten  -  3-one-5, 
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PHOSPHORYL  CHLORIDE  ISOCYANATE 


A .  V.  Kirsanov 


According  to  the  scheme  of  Wallach-Gerhardt  [IJ,  accepted  in  all  the  handbooks  and  elementary  textbooks 
of  organic  chemistry,  the  amides  of  the  carboxylic  acids  react  with  phosphorus  pentachloride  with  the  formation 
of  phosphoryl  chloride  and  unstable  chloroamides,  which  are  easily  decomposed,  under  the  conditions  of  the  reac¬ 
tion,  to  chloroimides  and  hydrogen  chloride,  and  further  to  nitriles  and  hydrogen  chloride,  according  to  the  scheme; 

RCONH2  +  PCI5  RCCI2NH2  +  POCI3 
RCCI2NH2  HC1+  RCC1=NH 

RCC1=NH  HC1+  RCN. 

Forming  in  some  cases  ate  the  phosphorus -containing  compounds  of  the  composition,  RCONPClj,  which,  in 
the  opinion  of  Wallach,  are  produced  according  to  the  scheme: 

RCCUNH+  POClg  HC1+  RCCUNPOCI2 

If  the  Wallach  scheme  is  correct,  and  is  of  a  general  character,  then  by  the  reaction  of  urethan  with  phos¬ 
phorus  pentachloride,  phosphoryl  chloride  and  the  ethyl  ester  of  the  chloramide  of  carbonic  acid,  CgHgOCClgNHg, 
should  be  the  first  reaction  products.  The  latter  should  be  very  unstable,  and  after  liberation  of  two  molecules  of 
hydrogen  chloride  should  give  the  ethyl  ester  of  cyanuric  acid,  or  after  the  liberation  of  ethyl  chloride  should  give 
in  turn  carbamic  chloride,  cyanic  acid  and  cyanuric  acid; 

NH2COOC2H5  NH2CCI2OC2H5  — NCOC2H5  -►  CjNjfOCjHsls. 

NH2CC120C2H5  nHjCOCI  ■  >  NHCO  -►  CjNjfOHV 

"“HCl 

The  reactions  of  phosphorus  pentachloride  with  urethan  were  studied  by  Folin  in  1897  [2].  Without  any  ex¬ 
perimental  basis,  Folin  asserted  that  the  reaction  proceeds  according  to  theWallach  scheme,  i.e..  that  the  first 
reaction  products  are  phospiioryl  chloride  and  the  ethyl  ester  of  the  chloroamide  of  carbonic  acid.  Folin  reported 
that,  from  the  reaction,  ethyl  chloride  and  a  "liquid  which  might  contain  carbamic  chloride  are  formed." 

Folin  did  not  demonstrate  the  formation  of  phosphoryl  chloride  by  the  reaction  of  urethan  with  phosphorus 
pentachloride  and,  in  spite  of  this,  he  considered  that  the  study  of  the  reaction  was  extremely  hampered  by  the 
separation  of  phosphoryl  chloride,  which  was  very  difficult  to  remove  from  the  region  of  the  reaction;  therefore, 
he  gave  up  further  study  of  the  reaction.  Thus,  unwarranted  confidence  in  the  correctness  of  the  Wallach  scheme 
led  Folin  to  an  erroneous  conclusion  and  even  forced  him  to  give  up  further  study  of  the  reaction. 

Experimental  study  of  the  reaction  of  phosphorus  pentachloride  with  urethan  showed  tiiat  the  reaction  pro¬ 
ceeds,  not  according  to  the  scheme  of  Wallach,  but  according  to  the  scheme  of  the  analogous  reaction  of  phos¬ 
phorus  pentachloride  with  an  amide  of  a  sulfo  acid  [3]. 

Phosphorus  pentachloride  readily  reacts  with  urethan,  in  the  proportion  of  1  mole  to  1  mole,  with  a  large 
evolution  of  heat  even  at  0°.  At+  10°  the  reaction  proceeds  at  a^greatrrate,  and  is  completed  within  several  hours. 
On  rapidly  diluting  the  reaction  mixture,  the  energetic  separation  of  hydrogen  chloride,  in  the  amount  of  2  moles 
per  1  mole  of  urethan.  proceeded  with  a  yield  of  about  997o. 

The  fact  that  phosphoryl  chloride  and  ethyl  chloride  did  not  form,  was  strictly  demonstrated  by  a  special 
experiment  carried  out  in  a  vacuum  of  1.0  mm,  in  a  vessel  cooled  to  —80°.  Consequently,  the  reaction  does  not 
proceed  according  to  the  Wallach  scheme,  but  proceeds  as  in  the  case  of  the  reactionrof  phosphorus  pentachloride 
with  the  amide  of  a  sulfo  acid  [3],  i.e.,  according  to  the  scheme: 
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C2H5OCONH2+  PClg 


2HC1+  C2H50CON  =  PCl3. 


I 

» 

r 

m 

m 

m 
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The  reaction  product,  obtained  in  a  yield  of  about  lOO^o,  was  a  colorless,  transparent  liquid,  with  a  ^of 
1.48  at  15*'  and  a  fishy  odor,  and  it  reacted  vigorously  with  water,  alcohols,  phenol,  ammonia,  amines  and  carboxyl¬ 
ic  acids.  On  cooling  to  —80“  the  substance  thickened,  but  did  not  crystallize.  The  elementary  composition,  accord¬ 
ing  to  the  chlorine  and  phosphorus  contents  and  according  to  titration  of  the  hydrolysis  products,  corresponds  quite 
accurately  to  the  formula  C8H5O2NPCI3. 

According  to  the  molecular  weight  obtained,  the  composition  of  the  reaction  product  should  involve  the  struc¬ 
ture  C2H5C)CON  =  PC1s.  i.e,,  is  the  ethyl  ester  of  trichlorophosphazocarbonic  acid. 

The  structure. 


C2H5OCCUNPOCI2, 


is  also  possible,  but  less  probable. 

At  a  temperature  of+  15",  the  ethyl  ester  of  trichlorophosphazocarbonic  acid  is  entirely  stable,  but  at+  20" 
it  begins  to  dissociate  slowly,  with  evolution  of  heat  and  formation  of  ethyl  chloride  and  phosphoryl  chloride  iso¬ 
cyanate,  according  to  the  scheme; 


C1sP=NCCX)C2H5  C2H6CI+  Cl2P0N=C=0. 

The  possibility  (see  above)  of  a  preliminary  isomerization  according  to  the  scheme; 

/OC2H5 

Cl3P=NC(X)C2H5  — ►  Cl2PON=C<^ 

^Cl. 


is  not  excluded. 

On  rapid  heating  to  45-50"  this  process  proceeded  explosively;  therefore,  for  the  production  of  phosphoryl 
chloride  isocyanate,  especially  in  large  quantities,  it  is  necessary  to  adhere  to  a  strict  temperature  regime, 
as  described  in  the  experimental  part.  On  violating  this  strict  regime  by  accelerating  the  increase  of  the  tempera¬ 
ture  of  the  reaction  mixture,  very  strong  and  hazardous  explosions  are  possible  during  the  experimental  study  of  a 
reaction,  for  which  the  mechanism  and  character  of  the  process  has  still  not  been  established. 

At  30-40"  the  thermal  cleavage  of  the  ethyl  ester  of  trichlorophosphazocarbonic  acid  proceeds  entirely  smooth¬ 
ly  and  safely. 

The  structure  of  the  reaction  product,  as  for  phosphoryl  chloride  isocyanate,  CI2PONCO,  was  established  on 
the  basis  of  the  scheme  of  its  formation  (yield  about  9(f7o),  the  composition,  molecular  weight,  physical  (boiling 
point)  and  chemical  properties,  and  also  the  composition  and  properties  of  the  products  of  its  reaction  with  alcohols 
and  other  compounds. 

For  the  compound  of  the  present  composition,  the  structure  of  N-carboxyliminometaphosphoryl  chloride, 
ClPO=NCCX31,  is  theoretically  possible,  but  this  structure  is  not  very  probable,  since  the  monomolecular  compound 
in  which  phosphorus  is  joined  to  two  double  bonds  probably  does  not  exist,  and  moreover,  the  reaction  product  r 
readily  adds  alcohbls  without  liberating  hydrogen  chloride,  which  is  well -accounted  for  only  by  the  isocyanate 
structure. 

Phosphoryl  chloride  isocyanate  is  a  colorless,  transparent  liquid  with  a  very  unpleasant  odor,  a  specific  grav¬ 
ity  of  ^1.649  at  15".  nJ5  1.470,  having  a  b.p.  of  136-138"  at  760  mm  with  little  decomposition.  In  a  vacuum  of 
5  mm  the  acid  chloride  distills  at  19.7-20.0". 

Phosphoryl  chloride  isocyanate  is  unusually  reactive  and  enters  readily  into  reactions  with  water,  alcohols, 
amines,  phenols,  carboxylic  acids,  etc..  In  the  majority  of  cases,  the  reaction  proceeds  in  two  stages  —  at  first 
there  is  addition  to  the  isocyano -group,  with  formation  of  the  acid  chloride  of  the  corresponding  urethanphosphoric 
acid,  for  example  according  to  the  scheme: 

CI2PONCO  +  CHjOH  — ►  CljPONHCOOCHj. 
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and  then  the  reaction  proceeds  on  the  halogen  atom,  with  formation  of  the  corresponding  derivative  of  phosphor ’c 
acid,  for  example: 


CljPONHCOOCHj  +  2CH30Na  — ►  (CH80)2PONHCOOCHs. 

Thus,  phosphoryl  chloride  isocyanate  is  a  valuable  starting  material  for  obtaining  diverse  new  types  of  deriva¬ 
tives  of  phosphoric  acid. 

The  reaction  of  urethan  with  phosphorus  pentachloride  showed  that  the  Wallach  scheme  for  the  interaction 
of  phosphorus  pentachloride  with  amides  of  tlie  carboxylic  acids,  is  at  least  not  of  an  ordinary  nature, 

EXPERIMENTAL 

Production  of  the  Ethyl  Ester  of  Trichlor  ophosphazocarbonic  Acid 

A  several -liter,  round -bottomed  flask  was  connected  directly  to  a  trap  cooled  to  -60%  to  a  Tishchenko 
bottle  containing  concentrated  sulfuric  acid,  and  to  an  absorber  for  hydrogen  chloride  containing  about  0.5  liter 
of  water.  In  the  flask,  0.3  mole  of  phosphorus  pentachloride  (not  containing  phosphoryl  chloride)  and  0.3  mole 
of  carefully  dried  urethan  were  placed.  The  mixture  was  stirred  by  hand,  and  the  flask  was  immersed  directly  in 
a  water  bath,  and  heated  to  +  10°.  At  the  beginning  of  the  reaction,  the  bath  served  for  heating  the  mixture,  since 
the  reaction  is  accompanied  by  considerable  absorption  of  heat,  and  later  it  served  for  cooling  the  mixture,  since 
at  room  temperature  the  reaction  product  slowly  decomposes.  After  several  minutes,  the  mixture  was  diluted  and 
the  energetic  liberation  of  hydrogen  chloride  began,  and  it  intensified  on  agitation.  Gradually  the  liberation  of 
hydrogen  chloride  abated.  After  24  hours,  the  apparatus  was  dismantled,  and  its  individual  parts  were  weighed. 

The  gain  in  weight  of  the  trap  for  ethyl  chloride  was  0.03  g,  the  gain  in  weight  of  the  Tishchenko  bottle  was  0.10 
g,  the  yield  of  the  main  reaction  product  was  72.2  g,  i.e,,  107.3f7o,  which  is  accounted  for  by  the  large  quantity  of 
hydrogen  chloride  dissolved  in  it.  The  apparatus  was  assembled  again,  but  instead  of  water  in  the  trap  for  hydrogen 
chloride,  a  measured  amount  of  a  2  N  solution  of  sodium  hydroxide  was  placed  in  it,  and  a  vacuum  was  gradually 
created.  The  reaction  product  "boiled  up"  and  the  hydrogen  chloride  was  absorbed  by  the  alkali,  which  was  ob¬ 
servable  by  the  "current"  in  the  trap  containing  the  sodium  hydroxide.  After  2  hours,  after  establishing  a  vacuum 
of  10  mm,  the  apparatus  was  dismantled.  The  total  amount  of  hydrogen  chloride  separated  (according  to  titration) 
was  0.57  equiv. ,  i.e.,  There  was  no  gain  in  weight  of  the  trap  (—SO®);  consequently,  the  reaction  product  did  * 

not  contain  phosphoryl  chloride.  The  yield  of  reaction  product  was  65.6'g  {91A°!o). 

Found  °}o:  Cl  46.81,  46. 9T.  P  13.94,  14.08.  Weight  equivalent  of  acid  by  hydrolysis  (by  boiling)  4.96,  4.91. 

M  (in  benzene)  205.0,  212.0.  CjHgNPCljOg.  Calculated  °}o:  Cl  47.42;  P  13.84.  Equivalent  weight  of  acid 

by  hydrolysis  5,00.  M  224.44. 

The  ethyl  ester  of  trichlorophosphazocarbonic  acid  was  a  colorless,  transparent  liquid,  having  a  d  of  1,48 
at  15°  and  a  fishy  odor.  On  mixing  it  with  ice  water,  a  reaction  began  relatively  smoothly  after  several  seconds. 

At  room  temperature,  its  reaction  with  water,  as  with  alcohols,  ammonia,  and  amines,  proceeded  very  violently, 
Dudng  storage  of  the  preparation  at  room  temperature  in  a  securely  sealed  vessel,  a  pressure  is^created  as  a  re¬ 
sult  of  the  gradual  decomposition  of  the  substance  with  the  formation  of  ethyl  chloride.  By  rapidly  heating  a 
small  quantity  of  the  preparation  to  60°,  a  violent  effervescing  occurs,  and  the  temperature  of  the  liquid  increases 
to  100°  because  of  the  heat  of  reaction.  On  cooling  to  —80°,  the  ethyl  ester  of  trichlorophosphazocarbonic  acid 
became  viscous,  but  did  not  crystallize. 

In  order  to  demonstrate  that  phosphoryl  chloride  did  not  form  during  the  reaction,  several  experiments  were 
carried  out  at  15°  in  a  vacuum  of  1.0  mm.  Under  these  conditions,  any  phosphoryl  chloride  forming  should  be 
vaporized  immediately  and  condensed  in  the  trap  (“80°).  From  the  charge,  consisting  of  0.5  mole  of  phosphorus 
pentachloride  and  urethan,  a  gain  in  weight  of  the  trap  (—80°)  was  no  more  than  0.2  g,  which  undoubtedly  may  be 
accounted  for  by  the  seepage  of  moisture  from  the  air  into  the  reaction  mixture,  during  the  addition  of  urethan  to 
The  phosphorus  pentachloride.  Thus,  it  may  be  considered  as  demonstrated  that  phosphoryl  chloride,  and  consequ¬ 
ently,  also  the  ethyl  ester  of  the  amidochlbride  of  carbonic  acid  did  not  form  during  the  action  of  phosf^orus  penta¬ 
chloride  on  urethan.  and  that  the  primary  reaction  products  were  only  hydrogen  chloride  and  the  ethyl  ester  of  tri- 
chlorophosp^azocarbonic  acid. 

Production  of  Phosphoryl  Chloride  Isocyanate 

A  one -liter,  round -bottomed  flask  was  connected  directly  to  a  Tishchenko  bottle  containing  concentrated 
sulfuric  acid,  and  to  a  trap  for  hydrogen  chloride  containing  0,8  liter  of  water.  In  the  flask.  1.0  mole  of  (Bosphorus 
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pentachloride  and  1.0  mole  of  urethan  were  placed,  the  mixture  was  stirred  by  hand,  and  the  flask  was  immersed 
in  the  water  bath,  and  heated  to+  10°.  After  45  minutes,  we  began  to  heat  the  bath  at  such  a  rate  that  the  tempera¬ 
ture  of  50”  was  reached.  After  this,  we  heated  it  at  a  rate  of  1°  every  2  minutes,  until  a  temperature  of  80°  was 
atuined,  and  the  liberation  of  ethyl  chloride  did  not  cease.  Thus,  the  heating  required  about  5.5  hours.  The  rate 
of  liberation  of  hydrogen  chloride  and  ethyl  chloride  was  controlled  by  the  bubbling  in  the  Tishchenko  bottle.  The 
most  energetic  hydrogen  chloride  evolution  was  at  15-20°,  and  the  most  energetic  ethyl  chloride  evolution  was  at 
30-40°.  By  maintaining  a  given  rate,  the  reaction  was  carried  out  entirely  safely.  On  more  rapid  heating,  ethyl 
chloride  was  liberated  at  an  explosive  rate.  Thus,  for  example,  on  heating  a  charge  of  0.2  mole  for  20  minutes 
at  60°,  a  strong  explosion  resulted.  In  another  case,  for  a  charge  of  0.3  mole  in  a  0,5  liter  flask,  the  temperature 
was  raised  to  35°  for  20  minutes,  and  then  to  45°  for  10  minutes.  The  reaction  proceeded  very  violently  and,  there¬ 
fore,  the  flask  was  drenched  with  a  strong  jet  of  cold  water.  In  spite  of  this,  after  several  seconds  a  strong  explosion 
resulted  in  a  bluish  blaze,  and  the  flask  was  shattered  into  small  fragments,  although  it  was  vented  through  the 
Tishchenko  bottle  by  a  tube  of  about  8  mm  diameter. 

In  a  number  of  experiments,  a  trap  for  ethyl  chloride,  cooled  to  ■“80°.  was  placed  between  the  flask  and  the 
Tishchenko  bottle.  On  completion  of  the  experiments,  from  58.0  to  60.2  g  (89.0-93.3f!7o)  of  ethyl  chloride  had  col¬ 
lected  in  tiiis  trap.  On  distillation  from  a  300  mm-long  branched  column,  with  the  temperature  of  the  outside  air 
at  ~5',  we  obtained  from  49,2  to  50.7  g  of  pure  ethyl  chloride  {16.3-18.5Plo)  having  a  b.p.  of  10-12*. 

In  several  experiments,  the  quantity  of  hydrogen  chloride  liberated  was  determined  by  titration,  by  which 
from  1.98  to  2.02  equivalent  weights  of  HCl,  i.e. .  99-101'7o,  was  found. 

The  yield  of  crude  phosphoryl  chloride  isocyanate  was  173.1-177,0  g  (108.2-110,8^0).  For  purification,  the 
product  was  distilled  in  vacuo  from  a  200  mm-long  branched  column  (temperature  of  the  external  air  was  +  10°) 
and  the  vessel  was  cooled  to  —20°.  From  a  rapid  distillation  at  5  mm,  a  20-24°  fraction  was  collected.  On  very 
slow  distillation  at  5  mm,  the  product  completely  distilled  at  19.7-20.0°.  The  yield  of  pure  phosphoryl  chloride 
isocyanate  was  139.1-145.2  g  (87.l-90.87o). 

d^  1.649;  ng  1.470. 

Found  7o:  P  19.23.  19.32;  Cl  44.21,  44.21.  Equivalent  weight  of  acid  by  hydrolysis  (by  boiling)  3.94,  3.91. 

M  155.0,  152,7  (in  benzene).  COgNPClg.  Calculated  7o:  P  19.37;  Cl  44.34.  Equivalent  weight  of  acid  by 

hydrolysis  4.00.  M  159.92. 

The  phosphoryl  chloride  isocyanate  was  a  colorless,  transparent  liquid  with  a  disagreeable  fishy  odor.  Its 
properties  are  discussed  in  the  general  part  of  the  report.  After  distillation  of  the  phosphoryl  chloride  isocyanate, 
a  viscous,  colorless,  non-crystallizing  liquid,  in  the  amount  of  18-21  g,  remained  in  the  flask,  but  it  has  not  as  yet 
been  investigated. 


SUMMARY 

1.  The  reaction  of  phosphorus  pentachloride  with  urethan  proceeded  with  formation  of  the  ethyl  ester  of 
trichlorophosphazocarbonic  acid. 

2.  The  ethyl  ester  of  trichlorophosphazocarbonic  acid  was  almost  quantitatively  decomposed  at  30-40°  to 
ethyl  chloride  and  phosphoryl  chloride  isocyanate. 

3.  Some  physical  and  chemical  properties  of  phosphoryl  chloride  and  the  ethyl  ester  of  trichlorophosphazo¬ 
carbonic  acid  were  described. 

4.  It  was  shown  that  the  Wallach  scheme  for  the  reaction  of  phosphorus  pentachloride  with  the  amides  of 
carboxylic  acids,  is  not  of  a  general  nature. 
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THE  MOBILITY  OF  THE  DIETHYLAMINO  GROUP 


1.  THE  REAMINATION  OF  BENZYLDIETHYLAMINE 
V.  I.  Stavrovskaya 


The  base,  benzyldiethylamine,  and  also  quaternary  ammonium  salts  containing  the  benzyl  group,  enter  into 
reaction  with  a  series  of  compounds,  splitting  off  dialkylamines  [1-6J.  However,  until  the  present  time,  data  on 
tlie  reaction  of  benzyldiethylamine  with  the  aromatic  amines  were  lacking  in  the  literature,  and  there  also  were 
no  data  regarding  me  effect  of  different  substituents  on  the  course  of  this  reaction. 

TABLE 


N -(Benzyl)-aniline 


No. 

Name  of  compound 

1  B.p.  of  the 

1  base 

M.p.  of  the 
base 

Results  of  analysis 

1 

N -(benzyl) -aniline . . 

149-150* 

at  5  mm 

- 

22.1 
a)  56.8 

Found  <7o:  N  7.93,  7.77.  C15H13N. 
Calculated ‘51):  N  7.65. 

2 

N  -(benzyl)  -o  -chloraniline . 

162-163 

at  4  mm 

38-39° 

31.0 

7.007  mg  sub.:  0.421  ml  N^  (24*. 

1  730  mm).  5.477  mg  sub.:  0.333 

t  ml  Nj  (24°,  730  mm).  Found  *51): 

N  6.63,  6.71.  C13H12NCI.  Calcu¬ 
lated  *70;  N  6.44. 

3 

j  N-(benzyl)-m“chloraniline  .  .  . 

1 

172-173  ! 
at  3  mm 

Hydrochloride 

171-172 

29.7 

6.295  mg  sub.:  0.323  ml  N2  (25°, 

724  mm)  6.953  mg  sub.:  0.362 
ml  N2  (26°,  722  mm).  Found  ‘7>: 

N  5.59.  5.63.  CijHisNClj.  Cal¬ 
culated  <70:  N  5.51. 

4  1 

i 

i 

1  N -(benzyl) -p -chloraniline  .... 

178 

at  4  mm 

45 

26.4 

Found  N  6.57,  6.61.  Ci^HijNCl. 

Calculated  *70:  N  6.44. 

5 

N -(benzyl) -p-anisidine . 

197 

at  4  mm 

51 

30.6 

Found '7«  N  6.42,  6.54.  C14H15ON. 
Calculated  <7o:  N  6.57. 

6 

N-(benzyl)-m-nitroaniline  .... 

223-224 

at  3  mm 

106 

8.8 

Found  ‘7«  N  12.63,  12.56,  Ci3Hi202N2. 
Calculated ‘7o:  N  12.28. 

7 

N -(benzyl)-o-toluidine . 

173-174 

at  7  mm 

56 

37.2 

a)  39.5 

b)  28.7 

Found  <70:  N  7.32,  7.02.  C^HisN. 
Calculated  <70:  N  7.11. 

8 

N-(benzyl)m-toluidine . 

164-165 

at  4  mm 

— 

35.7 

Found  <7o;  N  7.05,  7.35.  C^HijN. 
Calculated  *70:  N  7.11. 

9 

N -(benzyl) -p-toluidine . 

165-166 

at  4  mm 

— 

36.1 

Found  <70:  N  6.89,  6.99.  Ci4HjsN. 
Calculated  ’’Ja.  N  7.11. 

We  have  attempted  to  elucidate  the  capacity  of  benzyldiethylamine  to  enter  into  reactions  of  reamination 
with  different  aromatic  amines,  namely;  aniline,  o-,  m-  and  p-chloraniline,  p-anisidine,  m-nitroaniline,  o-, 
m-  and  p-toluidlne  and  p-aminophenol.  On  heating  in  a  sealed  tube  for  12-13  hours  at  180-185*.  benzyldiethyl- 
aminohydrochloride  enters  into  reactions  v/ith  all  of  the  enumerated  amine  bases,  except  p-aminophenol. 
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As  a  result  of  the  reaction,  a  substituted  N -(benzyl) -aniline  and  diethylamine  formed.  The  yield  of  the  pio- 
duct  from  the  condensation  with  aniline  amounted  to  22, 1*70;  it  increased  on  introduction  of  such  substituents  as 
Cl.  OCHj  and  CHj,  and  decreased  with  the  presence  of  the  NO2 -group  (see  tire  table).  It  should  be  pointed  out  that 
die  position  of  the  substituent  in  chloraniline  and  toluidine  did  not  exert  a  substantial  effect  on  the  yield,  as  did 
increasing  the  time  of  heating  to  26  hours  (see  the  table.  No.  7, a). 

However,  the  reaction  of  1  mole  of  benzyldiethylamine  hydrochloride  with  2  moles  of  aniline  led  to  a  2.5- 
fold  increase  of  the  yield  of  benzylaniline  (see  the  table.  No.  l,a). 

Benzyldiethylamine  did  not  react  with  p-aminophenol  under  the  conditions  described  above;  4,4’-dihydroxy- 
diphenylamine,  together  with  the  unreacted  starting  substances,  was  separated  from  the  reaction  mass.  Such  a  sub¬ 
sidiary  reaction  was  also  observed  in  the  experiment  with  m -chloraniline,  ,  where,  besides  N -(benzyl) -m-chlor 
aniline.  3.3’ -dichlorodiphenylamine  was  separated  in  a  small  quantity.  By  way  of  example,  for  o-toluidine  it  was 
found  that  if  the  components  are  heated  in  a  flask  on  an  oil  bath  at  190-195°,  the  yield  decreases  (see  the  table. 

No.  7.b). 


EXPERIMENTAL 

The  compounds  named  in  the  table  were  obtained  by  the  following  method:  molar  quantities  of  benzyldi¬ 
ethylamine  hydrochloride  (or  base)  and  an  aromatic  amine  base  (or  hydrochloride)  were  heated  in  a  sealed  tube 
for  12-13  hours  at  180-185°.  On  cooling,  the  contents  of  the  tube  were  treated  with  a  40^o  solution  of  sodium  ' 
hydroxide  (in  this  way  the  sharp  odor  of  diefliylamine  was  observed),  and  extracted  with  ether.  The  ether  solution 
was  washed  with  water,  and  dried  over  jwtash.  The  residuals,  after  removal  of  the  ether,  were  distilled  in  vacuo; 
at  first,  unreacted  starting  materials  distilled,  and  then  the  condensation  product  distilled.  The  latter,  in  the 
majority  of  cases,  solidified  on  cooling  witii  ice. 

As  an  example,  we  present  a  description  of  the  reaction  of  benzyldiethylamine  with  m -chloraniline. 
N-(benzyl)-m-chloraniiIine 

A  mixture  of  30  g  of  benzyldiethylamine  hydrochloride  (0.15  mole)  and  19.5  g  of  m -chloraniline  (0.15  mole) 
was  heated  in  a  tube  for  12  hours  at  180-185°.  On  cooling  die  contents  of  the  tube,  there  was  a  transparent,  viscous, 
red  liquid,  which  was  treated  with  a  40^o  solution  of  sodium  hydroxide,  and  extracted  with  ether.  The  ether  solu¬ 
tion  was  washed  with  water  and  dried  over  potash.  The  yellow  liquid  remaining  after  removal  of  the  ether,  was  dis¬ 
tilled  in  vacuo.  Besides  unreacted  starting  materials,  the  two  following  fractions  were  collected:  1st  at  172-173° 

(3  mm).  9.7  g,  and  the  2nd  at  200-202°  (3  mm),  1.1  g. 

The  1st  fraction  was  N-(benzyl)-m-chloraniline,  and  was  a  rather  mobile,  almost  colorless  liquid,  which 
did  not  solidify  on  cooling.  The  hydrochloride,  obtained  by  running  in  alcoholic  HCl  with  the  base,  was  crystal¬ 
lized  from  alcohol.  The  plates  obtained  had  a  m.p.  of  171-172°.  The  yield  of  N-(benzyl)-m-chloianiline  was 
29.7^0. 

The  viscous,  yellow  liquid,  distilling  at  200-202°  (3  mm),  was  converted  to  the  hydrochloride  by  heating  it 
with  a  10^70  solution  of  hydrochloric  acid.  The  salt  crystallized  from  dilute  hydrochloric  acid;  the  m.p.  was  162- 
163°.  According  to  data  from  analysis,  this  compound  was  3,3’ -dichlorophenylamine  hydrochloride. 

Found  <7o:  N  5.48,  5.23.  CizHjNClj  •  HCl.  Calculated  <7o:  N  5.10. 

SUMMARY 

1.  Benzyldiethylamine  enters  into  reaction  with  a  series  of  aromatic  amines,  forming  substituted  N-(benzyl)- 
aniline  and  diethylamine. 

2.  The  yield  of  reaction  product  increased  when  such  substituents  as  Cl,  OCHj  and  CHj  were  introduced  into 
die  aromatic  amine,  and  decreased  when  the  NO2 -group  was  present  in  it. 

3.  The  position  of  the  substituent  in  chloroaniline  and  toluidine  exerted  no  substantial  influence  on  the 
yield  of  the  substituted  N -(benzyl) -aniline. 


LITERATURE  CITED 


1036 


flj  J.  Braun,  R.  Schwarz,  Ber.,  35,  1283(1902). 

[2]  L.  Tschugaeff,  W.  Chlopin,  Ber.,  47.  1272  (1914). 


[3]  A.  E.  Porai-Koshits,  Trans,  of  the  Leningrad  Chem, -Tech.  Inst.,  1,  7  (1934). 

[4]  H.  R.  Snyder,  J.  C,  Speck,  J.  Am.  Chem.  Soc.,  61,  668  (1939). 

[5]  H.  R.  Snyder,  C,  W.  Smith,  J,  M.  Stewart,  J.  Am.  Chem.  Soc.,  66.  200  (1944). 

[6]  W.  B.  Wheatley.  L.  C.  Cheney.  J.  Am.  Chem.  Soc.,  74,  2940  (1952). 

Received  January  23,  1954  Institute  of  Malaria. 

Medical  Parasitology  and  Helminthology  of  the 
Ministry  of  Health,  USSR 


PREPARATION  OF  DIIS  O  PRO  P  YL  P  YROC  A  RBON  A  T  E 


V.  I.  Kovalenko 

In  the  present  work,  the  preparation  of  the  diisopropyl  ester  of  pyrocarbonic  acid  with  the  aid  of  a  method 
worked  out  by  us,  based  on  the  reciprocal  reaction  of  the  alkaline  salts  of  alkylcarbonic  acid  with  chlorocarbonic 
esters,  is  described. 

We  previously  used  this  method  for  the  synthesis  of  dimethyl-  and  diethylpyrocarbonates,  and  also  of  certain 
mixed  esters  of  pyrocarbonic  acid,  and  it  gave  excellent  results  under  these  conditions  [1,  2]. 

The  starting  materials  for  the  synthesis  of  diisopropylpyrocarbonate  consisted  of  the  sodium  salt  of  isopropyl - 
carbonic  acid  and  the  isopropyl  ester  of  chlorocarbonic  acid. 

The  sodium  salt  of  isopropylcarbonic  acid  was  prepared  by  Beilstein’s  method  [3],  and  the  isopropyl  ester  of 
chlorocarbonic  acid  was  prepared  by  Dumas’  method  [4]. 

The  diisopropylpyrocarbonate  which  we  obtained  consisted  of  a  colorless  liquid,  with  a  rather  pleasant, 
characteristic  odor,  which  was  insoluble  in  water  but  quite  soluble  in  ether,  alcohol,  benzene  and  other  organic 
solvents. 

The  structure  cf  'this  compound  as  an  ester  of  pyrocarbonic  acid  and  at  the  same  time,  as  an  anhydride  of  iso¬ 
propylcarbonic  acid,  was  determined  above  all  by  its  synthesis,  which  is  expressed  by  the  following  equation: 

(CHj)2CH-0-C0-0Na  (CH,),CH -O -CO 


(CH5)2CH-0-C0-C1  (CH3)2CH-0-C0 

In  addition,  the  structure  of  the  ester  was  demonstrated  by  its  reactions  with  ammonia  and  aniline,  which 
proceeded  entirely  analogously  to  the  reactions  of  diethylpyrocarbonate  witii  the  same  reagents  and  led  to  the  for¬ 
mation,  respectively,  of  the  isopropyl  ester  of  carbamic  acid  and  the  isopropyl  ester  of  phenylcarbamic  acid 

(CHjljCH-O-CO 

^'0+  NHjR  — ►  (CHj)2CH-0-C0-NHR+  (CHsljCHOH  +  CO,, 

(CH3)2CH-0-C0 

where  R  =  H  and  C5H5. 

The  structure  of  the  compound  obtained  was  confirmed  by  its  molecular  refraction,  which  coincided  with  that  cal¬ 
culated  for  diisopropylpyrocarbonate. 

EXPERIMENTAL 

1.  Preparation  of  Diisopropylpyrocarbonate.  Starting  materials;  a)  18  g  (about  0.14  mole)  of  the  sodium 
salt  of  isopropylcarbonic  acid;  sodium  content  18.42‘yo,  calculated  sodium  content  for  C4H703Na,  18.247o; 

b)  52.5  g  (about  0.43  mole)  of  the  isopropyl  ester  of  chlorocarbonic  acid  with  a  b.p.  of  103-105®*.  b.p.  103° 
[5]  according  to  the  literature  data. 

The  mixture  of  the  well -ground  sodium  salt  of  isopropylcarbonic  acid  and  the  isopropyl  ester  of  chlorocar!- 
bonic  acid  was  placed  in  a  round -bottomed  flask,  100-150  ml  in  capacity,  equipped  with  a  reflux  condenser  with 
a  calcium  chloride  tube  and  a  mechanical  stirrer  with  a  mercury  seal.  The  reaction  mixture  was  heated  for  7 
hours  on  a  water  bath  at  60-65°,  with  constant  energetic  stirring.  On  the  following  day,  the  mixture  was  drawn 
off  on  a  Buchner  funnel  and  the  precipitate  on  the  funnel  was  washed  with  a  small  quantity  of  dry  ethyl  ether. 

After  the  ether  and  the  unreacted  chlorocarbonic  ester  had  been  distilled  off.  the  residue  was  fractionated  in  a 
vacuum.  13.5  g  distilled  over  at  6  mm  in  the  88-88.5°  range.  The  yield  was  50^0. 
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df  1.0374,  ng  1.4015;  MRjj  44.46;  calculated  44.10. 

0.2618  g  sub,:  0.4840  g  CO2;  0.1764  g  HjO.  0.1996  g  sub.;  15.18  g  benzene:  At  0.355°.  Found ‘yo: 

C  50.42;  H  7.53.  M  191.03.  CgHitOg.  Calculated  C  50.52;  H  7.42.  M  190.19. 

2.  Isopropyl  ester  of  carbamic  acid.  A  saturated  solution  of  ammonia  in  ethyl  alcohol  was  added  to  1  g  of 
diisopropylpyrocarbonate.  The  reaction  began  quickly  and  proceededrrather  energetically;  evolution  of  heat  in  the 
liquid  and  formation  of  carbon  dioxide  gas  (barium  hydroxide  solution)  were  observed.  After  evaporating  off  the 
alcohol  and  drying  in  a  vacuum  desiccator  over  calcium  chloride,  we  obtained  colorless  crystals  with  a  m.p.  of 
93-94°;  according  to  the  literature  data  for  the  isopropyl  ester  of  carbamic  acid,  the  m.p.  is  92-93°  [5].  The  yield 
was  0.53  g  (98^0). 

0.2316  g  sub.:  20.8  ml  H2S04  (0.10644  N).  Found N  13.38.  C4H9O2N.  Calculated  <yo:  N  13.56. 

3.  Isopropyl  ester  of  phenylcarbamic  acid.  1.9  g  of  diisopropylpyrocarbonate  was  added  in  the  form  of  drops 
to  0.9  g  of  freshly  distilled  aniline.  Evolution  of  heat  in  the  mixture  and  of  carbon  dioxide  gas  determined  with 
barium  hydroxide  solution  was  observed.  The  contents  of  the  test  tube  were  converted  by  cooling  into  a  solid 
crystalline  mass.  After  recrystallization  from  alcohol,  it  consisted  of  long  needles  with  a  m.p.  of  86-87°;  accord¬ 
ing  to  the  literature  data  for  the  isopropyl  ester  of  phenylcarbamic  acid,  the  m.p.  is  90°  [6],  75-76°  [7],  42-43°  [8]. 
The  yield  was  1.74  g  (97*70). 

0.4756  g  sub  :  24.6  m-1  H2SO4  (0.10644  N).  Found  <70:  N  7.71.  CioHijOgN.  Calculated  <7o:  N  7.81. 

4.  Pyrolysis  of  diisopropylpyrocarbonate.  About  4  g  of  diisopropylpyrocarbonate  was  heated  in  a  small 
flask  with  a  reflux  condenser  on  a  sulfuric  acid  bath  with  a  thermometer  which  was  immersed  in  the  liquid  under 
investigation.  At  a  temperature  of  183°,  an  insignificant  evolution  of  fine  bubbles  of  gas  was  noted.  The  tem¬ 
perature  rather  rapidly  rose  to  196-200°,  after  which  it  did  not  change  for  at  least  20  minutes. 

After  this,  the  reflux  condenser  was  replaced  with  a  straight  condenser  and  the  liquid  was  distilled  off  from 
the  flask;  the  entire  liquid  distilled  over  in  the  196-200°  range. 

nj5  1.4016;  for  diisopropylpyrocarbonate  np  1.4015. 

SUMMARY 

1.  Diisopropylpyrocarbonate,  which  was  imknown  in  the  literature,  has  been  synthesized. 

2.  A  new  reaction  for  preparing  the  isopropyl  esters  of  carbamic  and  phenylcarbamic  acids  with  almost  quan¬ 
titative  yields  was  described. 
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QUESTION  OF  PREPARING  BRO  M  IN  E  -  S  UB  S  T  IT  U  TE  D 


BENZALDEHYDE  DERIVATIVES 
B.  M.  Bogoslovsky  and  T.  I.  Yakovenko 


To  prepare  aromatic  aldehydes,  the  method  of  oxidizing  the  corresponding  methyl -substituted  benzene  is 
widely  used-,  manganese  dioxide  or  chromic  anhydride  is  usually  used  as  the  oxidizing  agent  but  selenious  anhydride 
has  recently  been  recommended  for  this.  However,  for  die  preparation  of  a  number  of  bromine -substituted  benz- 
aldehydes,  and  specifically  3-bromobenzaldehyde  and  3,5-dibromobenzaldehyde,  not  the  route  of  oxidizing  the 
corresponding  bromo -substituted  toluenes,  but  rather  other,  more  complex,  synthetic  methods  are  recommended 
in  the  literature. 

Since  it  was  necessary  for  us  to  conduct  investigations  among  the  bromine  derivatives  of  benzaldehyde  in¬ 
dicated  above,  we  decided  to  investigate  the  possibility  of  synthesizing  them  by  oxidizing  the  corresponding  brom¬ 
ine-substituted  toluenes,  the  preparation  of  which  presented  no  great  difficulties.  We  used  chromic  anhydride  as 
the  oxidizing  agent  The  experiments  which  were  performed  proved  that  it  is  entirely  possible  to  use  the  oxidation 
method  to  prepare  the  bromine -substituted  benzaldehydes  indicated  above. 

experimental 

Preparation  of  3-bromobenzaldehyde.  6.3  g  of  3-bromotoluene  was  dissolved  in  a  mixture  of  40  ml  of  acet¬ 
ic  anhydride,  30  ml  of  glacial  acetic  acid,  and  6  ml  of  sulfuric  acid  (^1.83),  and  cooled  to  0°,  after  which  10  g 
of  chromic  anhydride  was  gradually  added  in  small  portions  while  the  mixture  was  being  energetically  stirred  and 
the  temperature  kept  within  limits  of  fromO  to  10°.  Upon  completion  of  the  oxidation,  the  thick  mass  was  poured 
onto  ice  and  the  pasty  white  precipitate  was  separated,  washed  with  water  and  heated  with  50  ml  of  20*^0  sulfuric 
acid  for  1  hour.  After  cooling,  the  acidic  solution  was  neutralized  with  soda  and  the  3-bromobenzaldehyde  was 
extracted  with  ether.  After  drying  over  roasted  sodium  sulfate,  the  ether  was  first  distilled  off  and  then  the  oil 
which  was  left  was  distilled  off.  The  yield  of  3-bromobenzaldehyde  with  a  b.p.  of  233-236°  amounted  to  2  g  i30°!o). 

On  acidifying  the  soda  solution,  a  precipitate  of  3-bromobenzoic  acid  was  obtained,  which  was  separated, 
washed  witii  water,  and  dried.  The  yield  of  acid  with  a  m.p.  of  154°  amounted  to  2  g  (2T°lo). 

Preparation  of  3,5-dibromobenzaldehyde.  2  g  of  3,5-dibromotoluene  was  dissolved  in  a  mixture  of  20  ml 
of  acetic  anhydride.  15  ml  of  glacial  acetic  acid  and  3  ml  of  sulfuric  acid  1.83),  after  which  the  mixture  was 
cooled  to  0°  and  3  g  of  finely  ground  chromic  anhydride  was  added,  while  the  mixture  was  being  energetically 
stirred  mechanically,  over  a  period  of  2.5  hours;  this  procedure  was  followed  to  keep  the  temperature  of  the  reac¬ 
tion  mixture  in  the  0-10°  range.  Upon  completion  of  the  oxidation,  the  thick  reaction  mass  was  poured  onto  ice 
and  the  precipitate  was  separated,  washed  with  water  and  heated  for  1  hour  on  metal  gauze  with  30  ml  of  2QPlo  sul¬ 
furic  acid.  After  cooling,  the  precipitate  was  separated,  washed  with  water,  with  soda  solution,  and  again  with  wa¬ 
ter.  The  yield  of  3,5-dibromobenzaldehyde  amounted  to  1.3  g  {621’Jo).  The  m.p.  was  85-90°,  which  was  in  accord 
with  the  literature  data. 

An  attempt  to  prepare  4-bromobenzaldehyde  by  oxidizing  4-bromotoluene  with  selenium  dioxide  in  a  sealed 
tube  for  4  hours  at  225-230°  ended  in  failute;  the  yield  of  aldehyde  did  not  exceed  ll‘7o.  It  was  also  of  interest  to 
note  that  the  oxidation  of  2.4  6-tribromotoluene  did  not  lead  to  a  postivie  result;  under  the  conditions  indicated 
above,  it  was  not  oxidized  either  by  chromic  or  by  selenious  anhydride  and  could  be  almost  quantitatively  re¬ 
covered  from  the  reaction  mixture.  This  result  can  be  explained  by  the  presence  of  steric  hindrance. 

SUMMARY 

The  possibility  of  preparing  certain  bromine  derivatives  of  benzaldehyde  by  the  oxidation  of  the  correspond¬ 
ing  bromine -substituted  toluenes  with  the  aid  of  chromic  and  selenious  anhydrides  was  investigated.  The  possibil¬ 
ity  of  the  preparative  synthesis  of  3-bromobenzaldehyde  and  3,5-dibromobenzaldehyde  was  shown.  The  difficult 
oxidizability  of  4-bromotoluene  and  the  unoxidizability  of  2,4, 6-tribromotoluene  under  the  given  conditions,  which 
can  be  explained  by  the  presence  of  steric  hindrance,  were  established. 
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ACTION  OF  DIMETHYL  ACETYLENYLCARBINOLMAGNESIUM  BROMIDE 


ON  o-S  ALICYLALDEHYDE 
A.  I,  Nogaideli  and  E.  P.  Gogibeiidze 


The  preparation  of  unsaturated  hydroxy  compounds  by  the  action  of  acetylenylcarbinolmagnesium  bromides 
on  aldehydes  has  been  little  studied.  Syntheses  based  on  acetylene  and  vinylacetylene  [1]  merit  attention  in  this 
field. 


In  the  present  work,  we  have  set  ourselves  the  task  of  studying  the  action  of  dimethylacetylenylcarbinol- 
magnesium  bromides  on  o-salicylaldehyde.  The  investigations  showed  that,  under  specific  conditions,  it  is  poss¬ 
ible  to  obtain  the  normal  reaction  product  —  an  unsaturated  phenolglycol.  The  indicated  compound  was  obtained 
in  the  form  of  an  oil  which  crystallized  in  15-20  days  and  more  rapidly  upon  addition  of  benzene  or  toluene.  The 
crystals  melted  at  97-99°.  Upon  heating  to  100°.  they  became  rose  colored;  at  110-120°.  dark  violet  colored;  and 
in  the  150°  range,  brown. 

In  the  course  of  3-4  months  in  air,  these  crystals  gradually  change  color  from  bright  rose  to  violet.  The 
colored  substance  is  readily  soluble  in  ether,  and  after  evaporating  off  the  etirer,  a  dark  violet  lac,  which  is  insol¬ 
uble  in  water  and  rather  stable  to  heating,  is  left. 

Thus,  as  a  result  of  the  reaction.  l-o-hydroxyphenyl-4-methylpentyne-2-diol-l,4  was  obtained; 

C  -CHOH  -C = C  -COH  -CH. 

'1  I  . 

CHg 

It  is  entirely  possible  that  the  violet  colored  substance  consists  of  a  product  of  its  isomeric  conversion. 

EXPERIMENTAL 

45  g  of  dimethylacetylenylcarbinol,  dissolved  in  an  equal  volume  of  dry  ether,  was  added  in  the  form  of 
drops  to  ethyl  magnesium  bromide  formed  in  the  usual  way  (24.5  g  of  magnesium  and  130  g  of  ethyl  bromide). 
After  addition  of  the  carbinol,  the  stirring  was  continued  for  3-4  hours  more.  30  g  of  o-salicylaldehyde.  dissolved 
in  30  ml  of  ether,  was  added  to  the  mixture  while  it  was  being  cooled  with  ice  and  being  stirred.  After  addition 
of  the  aldehyde,  the  reaction  mixture  was  heated  for  10-15  minutes  at  40°.  The  mixture  was  left  for  24  hours  and 
was  then  decomposed  with  ISf^o  ammonium  sulfate  and  then  with  25-30^o  sulfuric  acid. 

The  ethereal  solution  was  dried  with  sodium  sulfate.  After  distilling  off  the  ether,  a  yellowish  oil  was  left, 
which  decomposed  upon  distillation  (2  mm).  Upon  addition  to  the  oil  of  an  insignificant  quantity  of  benzene  or 
toluene,  crystals  with  a  m.p.  of  97-99°  (from  benzene)  precipitated.  The  crystals  were  quite  soluble  in  ether  and 
acetone,  comparatively  difficultly  soluble  in  benzene  and  toluene,  and  insoluble  in  water.  The  yield  was  13.5  g 

(26.ffyo). 

0.1020  g  sub.:  2602  g  COg;  0.0570  g  HgO.  0.0107  g  sub.:  0.11  g  carrphor :  At  19°.  0.0450  g  sub.:  15.7 

ml  CH4  (17°.  727  mm).  Found ‘yo:  C  69.56;  H  6.31;  M  203.2.  Ci2Hii(OH),.  Calculated ‘ya  C  69.90; 

H  6.70;  M  206;  16.3  ml  CH4. 


SUMMARY 

1.  The  phenol  alcohol,  l-o-hydroxyphenyi-4-methylpentyne-2-diol-l,4  was  synthesized  for  the  first  time 
by  the  action  of  dimethylacetylenylcarbinolmagnesium  bromide  on  o-salicylaldehyde. 

2.  Upon  heating  the  indicated  compound  to  100°,  it  became  rose, -colored;  upon  further  increase  in  tempera¬ 
ture,  it  became  violet,  and  then  brown.  Such  color  changes  were  also  observed  upon  keeping  the  crystals  for  3-4 
months. 
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SYNTHESIS  OF  PYRIMIDINOIMID AZOLONES 


M.  A.  Prokofyev  and  Yu.  P.  Shvachkin 


As  we  have  previously  demonstrated,  pyrimidinoiraidazolones  can  be  prepared  by  closing  the  imidazolone 
ring  as  a  result  of  the  action  of  ammonia  on  bromoacyl  derivatives  of  2-aminopyrimidines.  and  also  by  the  con¬ 
densation  of  acetoacetic  ester  with  a -guanidoaliphatic  acids  [1]. 

In  the  present  work,  we  attempted  to  prepare  pyrimidino-2.3:2’.3’ -dihydroimidazolones  starting  from  the 
lactam  of  guanidoacetic  acid  and  certain  derivatives cf  acetoacetic  and  malonic  ethers.  This  condensation  readily 
leads  to  the  formation  of  pyrimidine  systems  analogously  to  what  occurs  in  the  reaction  of  2-aminoimidazole  or 
imidazoline  derivatives  with  acetoacetic  ester  and  with  other  compounds  similar  to  it  [2]. 

The  reaction  between  the  lactam  of  guanidoacetic  acid  and  alkyl  derivatives  of  acetoacetic  ester  proceeds 
according  to  the  scheme: 


. 

+  C. - NH 

I  I 

■  HjN^CO 
" . ’ 


N 


CO 


CHa-C 


R-C 


where  R=  H,  CgHg,  n-C4H9,  C6H4' 


giving  4-oxo-5-alkylpyrimidino-2,3:2’,3,’-dihydroimidazolone-5’. 

The  condensation  of  the  lactam  of  guanidoacetic  acid  with  malonic  ester  and  its  derivatives,  which  leads 
to  the  formation  of  the  corresponding  4, 6-dioxopyrimidino-2, 3:2’, 3’ -dihydroimidazolone-5’  compounds,  proceeds 
analogously; 


COtOCzHj 

I  " . ''  — NH 

R-CH  I  j 

CO  ^H5’  " 

CH2 


“Air 


- 16-  t! 


.NH 


CO  CHx 


CO 


N 


CO  Ctij 


where  R=  CHs,  CjHj. 

The  condensation  reaction  proceeds  when  the  components  are  heated  in  an  alcoholic  solution  in  the  pre¬ 
sence  of  sodium  alcoholate.  The  pyrimidinoimidazolones  were  isolated  by  acidifying  the  alkaline  solution  with 
hydrochloric  acid  to  a  pH  of  1-4-,  depending  on  the  character  of  the  substance  being  isolated. 

The  compounds  prepared  consisted  of  crystalline  substances  which  were  insoluble  in  the  usual  organic  sol¬ 
vents,  difficultly  soluble  in  hot  water,  and  comparatively  readily  soluble  in  dilute  alkalis. 

The  pyrimidinoimidazolones  synthesized  have  high  melting  points,  or  are  decomposed  by  heating  and  do  not 

melt. 

The  compounds  obtained  are  capable  of  forming  salts  with  alkalis.  The  4-oxo-'5-alkyl-pyrimidino-2,3:2’,3  - 
dihydroimidazolone-5’  compounds  have  1  acidic  hydrogen  atom,  which  apparently  arises  due  to  lactam-lactim 
tautomerism. 
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The  acidity  of  tlie  compound  increases  with  increasing  number  of  oxogroups  in  the  pyrimidine  ring.  Thus. 
4.6-dioxopyrimidino-2,3-2’,3’-dihydroimidazolone-5’  requires  about  2  moles  of  alkali  for  neutralization. 

EXPERIMENTAL 

1.  Preparation  of  4-oxo-5,6-dimethylpyriinidino-2,3:2’,3'-dihydroimidazolone-5’.  1  g  of  the  lactam  of 
guanidoacetic  acid,  obtained  by  the  dehydration  of  guanidoacetic  acid  [3]  was  added  to  an  alcoholic  solution  of 
sodium  ethylate  (prepared  from  0.92  g  of  metallic  sodium  and  50  ml  of  anhydrous  ethyl  alcohol)  in  a  three -necked 
flask  equipped  with  a  stirrer,  a  dropping  funnel,  and  a  reflux  condenser  and  protected  with  a  CaCl2  tube.  The  re¬ 
sultant  solution  was  heated  to  boiling,  7.2  g  of  methylacetoacetic  ester  was  introduced  into  it,  and  the  reaction 
mixture  was  boiled  for  5  hours. 

The  alcohol  and  the  methylacetoacetic  ester  which  had  not  reacted  were  then  distilled  off  in  vacuum,  and 
SP/o  hydrochloric  acid  was  added  to  the  residue  in  such  a  quantity  that  the  solution  had  a  pH  of  1. 

The  precipitate  which  settled  out  was  filtered  off,  washed  with  ether,  and  recrystallized  from  60  parts  of  wa¬ 
ter.  The  yield  was  50.-37o.  The  substance  consisted  of  a  light  crystalline  powder  with  a  m.p.  of  289-290°  (with  de¬ 
composition).  It  was  soluble  in  hot  water,  poorly  soluble  in  cold  water,  and  insoluble  in  the  usual  organic  solvents. 

Found «/o:  C  53.93;  H  5.11;N  23.44  (Kjeldahl).  CgHgOjN,.  Calculated <70:  C  53.63;  H  5.03;  N  23.46. 

The  substance  reacted  as  a  monobasic  acid  with  alkali. 

The  determination  was  carried  out  in  the  following  manner.  An  excess  (relative  to  the  calculated  quantity) 
of  0.1  N  NaOH  solution  was  added  to  a  weighed  sample  of  the  substance,  and  the  excess  alkali  in  the  solution  ob¬ 
tained  was  titrated  with  0.1  N  HjSO,  in  the  presence  of  phenolphthalein. 

0.0486  g  sub.:  consumed  in  the  neutralization  2.86  ml  0.1  N  NaOH.  Calculated  2.70  ml  0.1  N  NaOH. 

2.  Preparation  of  4-oxo-6-methyl-5-ethylpytimidino-2.3:2’,3’ -dihydroimidazolone-5*.  The  substance 
was  prepared  analogously  to  the  preceding,  from  ethylacetoacetic  ester  and  the  lactam  of  guanidoacetic  acid. 

The  dry  residue  obtained  after  concentrating  the  reaction  mixture  in  a  vacuum,  was  dissolved  in  57o  hydrochloric 
acid,  and  the  solution  which  was  formed  was  brought  to  pH  2.  The  substance  which  precipitated  was  filtered  off, 
washed  with  ether,  and  recrystallized  from  80  parts  of  water.  It  consisted  of  flakes  with  a  m.p.  of  261-262°  (with 
decomposition).  The  yield  was  2?7o. 

The  substance  was  insoluble  in  cold  water  and  in  organic  solvents,  and  was  soluble  in  hot  water  and  in  dil- 
lute  alkalis. 

Found  <7o:  N  21.74,  21.79  (Kjebahl ).  CgHiANj.  Calculated  <7>:  N  21.76. 

The  substance  reacted  as  a  monobasic  acid  vdth  alkali. 

0.0589  g  sub.:  consumed  in  the  neutralization  3.11  ml  0.1  N  KOH.  Calculated  3.03  ml  0.1  N  KOH. 

3.  Preparation  of  4, 6-dioxopyrimidino-2.3:2'. 3’ -dihydroimidazolone-5’.  It  was  prepared  analogously  to 
the  pteceding.from  malonic  ester  and  the  lactam  of  guanidoacetic  acid. 

To  isolate  the  product  formed,  the  dry  residue  left  after  concentrating  the  reaction  mixture  in  a  vacuum  was 
treated  with  such  a  quantity  of  S’Jo  hydrochloric  acid  that  the  solution  formed  had  a  pH  of  4.  The  substance  which 
precipitated  was  filtered  off,  washed  with  ether,  and  recrystallized  from  70  parts  of  boiling  water.  The  yield  was 
66  7*7o.  The  preparation  consisted  of  a  yellowish  powder  which  was  insoluble  in  organic  solvents  and  in  cold  water, 
and  was  difficultly  soluble  in  hot  water.  The  substance  decomposed  on  heating  without  melting. 

Found  <7o:  C  43.13;  H  3.16;  N  25.03  (Kjeldahl).  CgHgOjNj.  Calculated  <7o:  C  43.11;  H  2.99;  N  25.14. 

The  substance  reacted  as  a  dibasic  acid  with  alkali,  but  not  quantitatively. 

0.0510  g  sub.;  consumed  in  the  neutralization  5.12  ml  0.1  N  NaOH.  Calculated  (for  reaction  with  2  moles 

of  NaOH)  6.00  ml  0.1  N  NaOH. 

4.  Preparation  of  4, 6 -dioxo -5 -ethylpyrimidino -2, 3; 2’, 3' -dihydroimidazolone-5'.  It  was  prepared  analog¬ 
ously  to  the  preceding,  from  the  diethyl  ester  of  ethyl  malonic  acid  and  the  lactam  of  guanidoacetic  acid. 

The  dry  residue,  obtained  after  concentrating  the  reaction  mixture  in  a  vacuum,  was  dissolved  in  97©  hydro¬ 
chloric  acid,  and  the  solution  which  was  formed  was  brought  to  pH  of  1. 


The  substance  which  settled  out  m  the  precipitate  was  filtered  off,  washed  with  ether,  and  recrystallized  fiom 
25  parts  of  water.  It  consisted  of  coaise  flakes  with  a  m.p.  of  292-293°  (with  decomposition)  The  yield  was  51*70. 

The  substance  was  insoluble  in  cold  water  and  organic  solvents,  and  soluble  in  hot  water  and  in  dilute  alkalis. 

Found  *70:  N  21.55,  21.71  (Kjeldahl).  CgHsOjN,.  Calculated  *70:  N  21.53. 

Reaction  of  the  substance  with  alkali: 

0.0640  g  sub.:  consumed  in  the  neutralization  4.05  ml  0.1  N  KOH.  Calculated  (for  reaction  witli  2  moles 

of  KOH)  6.42  ml  0, 1  N  KOH. 

5.  Preparation  of  4,6-dioxo-5-butylpyrimidino-2.3:2!.3’ -dihydroimidazolone-5’.  It  was  prepared  analog¬ 
ously  to  the  compound  described  above,  from  the  diethyl  ester  of  butylmalonic  acid  and  the  lactam  of  guanidoacet- 
ic  acid. 

The  substance  was  isolated  at  pH  2,  It  was  recrystallized  from  120  parts  of  boiling  water.  The  yield  was  ll.'fjo. 

The  preparation  was  insoluble  in  cold  water  and  in  organic  solvents,  difficultly  soluble  in  hot  water,  and  soluble 
in  dilute  alkalis.  The  m.p.  was  278°  (with  decomposition). 

Found  <7o:  C  54.10-,  H  5.89;  N  19.01  (Kjeldahl).  CioHijOjNs.  Calculated  <7o:  C  53.81;  H  5.83;  N  18.83. 

Reaction  of  the  substance  with  alkali* 

0.0525  g  sub.:  consumed  in  the  neutralization  3.50  ml  0.1  N  NaOH.  Calculated  (for  reaction  with  2  moles 

of  NaOH)  4.50  ml  0.1  N  NaOH. 

6.  Preparation  of  4,6-dioxo-5-phthalimidopyrimidino-2,3;2*.3’ -dihydroimidazolone.-5'.  It  was  prepared 
analogously  to  the  compound  set  forth  above,  from  equimolecular  quantities  of  phtiralimidomalonic  ester  and  the 
lactam  of  guanidoacetic  acid. 

The  substance  was  isolated  at  pH  2,  carefully  washed  with  ether  (to  separate  the  phthalimidomalonic  ester 
which  had  not  reacted)  and  recrystallized  from  48  parts  of  85f7o  formic  acid.  The  yield  was  20. S’lo. 

The  substance  consisted  of  a  light  yellowish  powder  which  was  insoluble  in  cold  water  and  in  organic  solvents, 
difficultly  soluble  in  hot  water,  and  soluble  in  formic  acid  and  dilute  alkalis.  The  substance  decomposed  on  heat¬ 
ing  without  melting. 

Found  *70:  C  53.72:  H  2.62;  N  18.15  (Kjeldahl).  CHH8O5N4.  Calculated  *70;  C  53.85;  H  2.56;  N  17.95. 

Reaction  of  the  substance  with  alkali; 

0.0544  g  sub.:  consumed  in  the  neutralization,  4.70  ml  of  0.1  N  NaOH.  Calculated  (for  reaction  with  3 

moles  of  NaOH)  5.25  ml  0.1  N  NaOH. 


SUMMARY 

1.  It  was  shown  that  the  lactam  of  guanidoacetic  acid  can  condense  with  compounds  of  the  acetoacetic 
and  malonic  ester  type  to  give  the  corresponding  pyrimidino-2,3:2’,3’ -dihydroimidazolone-5’  compounds. 

2.  It  was  established  that  the  pyrimidino-2,3:2’,3’ -dihydroimidazolone  compounds  obtained  have  acidic 
properties;  the  acidity  of  the  compounds  increases  with  increasing  number  of  0x0 -groups  in  the  pyrimidine  ring. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINONES 


1.  SULFONATION  OF  QUINONES 
A.  P.  Terentyev  and  A.  N.  Grinev 


A.  A.  Voskresensky  [1],  who  prepared  p-benzoquinone  for  the  first  time,  reported  in  the  course  of  studying 
its  properties  that  this  compound  is  carbonized  by  the  action  of  concentrated  sulfuric  acid  and  that  a  flocculent 
brown  precipitate  is  obtained  with  less  concentrated  sulfuric  acid.  As  was  subsequently  established  by  Liebermann 
[2],  the  precipitate  consists  of  a  polymer  of  p-benzoquinone  which  contains  a  small  quantity  of  the  trimer  [3]. 

Dark  resinification  products  are  also  obtained  by  the  action  of  fuming  sulfuric  acid  [4]  and  chlorosulfonic  acid  [5] 
on  p-benzoquinone.  We  observed  a  similar  phenomenon  upon  treating  quinone  with  a  solution  of  sulfuric  anhydride 
in  dichloroethane.  Toluquinone  is  very  readily  polymerized  by  botli  concentrated  sulfuric  acid  [6]  and  dilute  sul¬ 
furic  acid  [3,  6].  Other  substituted  quinones  —  p-xyloquinone,  a -naphthoquinone  —  do  not  react  with  strong  sulfuric 
acid  at  ordinary  temperatures  [7,  8],  but  are  decomposed  on  heating  [8.  9].  8  -Naphthoquinone  [10]and  duroquin- 
one  [11]  behave  analogously. 

Experiments  involving  the  sulfonation  of  quinones  which  did  not  lead  to  positive  results  [2.  4.  5,  12]  are  de¬ 
scribed  in  the  literature.  The  fundamental  cause  of  this  failure  lies  in  the  fact  that  for  sulfonating  the  quinones, 
agents  were  used  which  were  capable  not  only  of  sulfonating,  but  also  of  causing  polymerization  of  the  quinones: 
the  latter  reaction  proceeds  at  a  greater  rate  than  the  sulfonation.  In  our  preliminary  communication  [13],  we  in¬ 
dicated  that  if  the  sulfonation  is  conducted  under  conditions  which  exclude  polymerization  (absence  of  hydrogen 
ions)  and  oxidation,  the  sulfonic  acids  can  be  obtained  in  the  form  of  the  salts  with  quite  satisfactory  yields. 

We  used  dioxansulfotrioxide  (the  complex  of  sulfuric  anhydride  with  dioxan  )  as  the  sulfonating  agent.  The 
reaction  was  conducted  in  the  complete  absence  of  moisture,  while  the  subsequent  treatment  was  f>erformed  in  a 
carbon  dioxide  atmosphere.  Before  treatment  with  barium  carbonate,  it  was  necessary  to  eliminate  the  quinone 
which  had  not  reacted,  since  the  latter  reacts  with  the  carbonates  of  the  alkali  and  alkaline  earth  metals  to  form 
unstable  colored  compounds. 

p-Benzoquinone,  Hydroxyhydroquinonesulfonic  acid,  in  the  form  of  the  barium  salt,  was  isolated  as  the  chief 
sulfonation  product  in  a  yield  of  567o  with  a  molecular  ratio  of  quinone  to  sulfuric  anhydride  of  1:3  at  ordinary  tem¬ 
perature.  This  compound  had  not  previously  been  described  in  the  literature. 

The  analytical  data  and  properties  confirmed  the  structure  of  this  compound.  The  barium  and  sodium  salts 
ate  stable  in  the  dry  state:  upon  moistening  with  water,  energetic  oxidation  begins:  initially  the  salt  quickly  dark¬ 
ens  (partial  conversion  into  the  quinone  with  formation  of  colored  quinhydrones),  and  then  the  salt  becomes  light 
cream -colored.  Upon  more  prolonged  oxidation,  the  formation  of  a  resinified  product  occurs.  Weak  aqueous  solu¬ 
tions  of  the  salt  of  hydroxyhydroquinonesulfonic  acid  give  a  cherry-red  color  with  ferric  chloride  or  quinone  solu¬ 
tions. 

Cleavage  of  the  sulfuric  acid  is  not  observed  upon  boiling  with  dilute  acids,  which  indicates  that  die  sulfo 
group  is  located  on  a  carbon  and  not  on  an  oxygen  atom.  The  presence  of  three  hydroxyl  groups  was  demonstrated 
by  mefhylation,  a  trimethoxy  compound  being  formed  [14].  A  characteristic  reaction  for  hydroxyhydroquinone  ap¬ 
pears  to  be  the  formation  of  a  xanthene  dye  [15]  as  a  result  of  die  action  of  acetaldehyde  in  the  presence  of  sul¬ 
furic  acid  according  to  the  scheme: 


In  fact,  an  intense  brick-red  color  is  obtained  by  heating  a  sample  of  the  potassium  salt  of  the  sulfonic  acid 
with  paraldehyde  and  sulfuric  acid. 

The  infra-red  absorption  spectrum  of  tire  barium  salt  in  aqueous  solution  showed  the  presence  of  the  1038  and 
992  cm”^  frequencies  which  are  characteristic  of  the  benzene  structure. 

Thus,  the  sulfonation  of  p-benzoquinone  can  be  represented  by  Scheme  A.* 

Tt  might  be  assumed  that  the  first  reaction  product  would  be  the  dioxan  salt  of  the  sulfonic  acid,  which,  in 
the  treatment  process,  would  add  the  elements  of  water  and  upon  isomerizing,  would  yield  the  hydroxyhydroquin- 
onesulfonic  acid  (Scheme  B). 
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However,  diis  is  improbable.  The  presence  of  hydrogen  ions  in  the  dioxan  solutions  causes  a  strong  resinifica- 
tion  of  quinone;  as  a  result  of  the  action  of  even  a  lOPjo  solution  of  sulfuric  acid  in  dioxan  or  a  dioxan  solution  of 
toluenesulfonic  acid,  profound  resinification  of  p-benzoquinone  occurs.  Thus,  it  must  be  assumed  that  the  reaction 
proceeds  in  accordance  with  the  first  scheme. 

The  disulfohydroxyhydroquinone  (l,2,4-trihydroxybenzenedisulfonic-3.5  acid)  is  obtained  by  the  sulfonation 
of  p-benzoquinone  with  a  considerable  excess  of  dioxansulfotrioxide  (6  moles  per  1  mole  of  quinone).  [See  top  of 
following  page.] 

This  structure  for  hydroxyhydroquinone-disulfonic  acid  is  most  probable,  since  the  disulfonic  acid  does  not 
give  the  characteristic  reaction  of  xanthene  dye  formation,  well-known  for  hydroxyhydroquinone  and  its  derivatives 
which  have  a  hydrogen  atom  in  the  ortho-  and  para -positions  to  the  two  hydroxy  groups. 

Toluquinone  is  sulfonated  by  dioxansulfotrioxide  under  approximately  the  same  conditions  as  apply  to  p- 
benzoquinone.  The  monosulfonic  acid  with  the  structure.  l-methyl-2.3,5-trihydroxybenzenesulfonic-4  acid  (I), 
was  obtained  in  a  yield  of  537©  at  a  ratio  of  quinone  to  SO3  of  1:2.  This  compound  is  readily  oxidized,  similarly 


•  Dioxansulfotrioxide  occurs  in  the  form  of  the  dimer  in  solutions  [16]. 
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to  hydroxyhydroquinonesulfonic  acid,  and  gives  a  color  reaction  as  a  result  of  the  action  of  quinone  solution  and 
ferric  chloride.  The  sulfonic  acid  condenses  with  paraldehyde  in  alcoholic  solutions  of  sulfuric  acid  to  give  the 
typical  reaction  of  xanthene  dye  formation.  The  latter  reaction  also  permits  the  presence  of  the  sulfo  group  in  the 
para -position  to  the  methyl  group  to  be  verified,  since  only  in  this  case  would  there  be  a  hydrogen  atom  in  the  ■ 
ortho -para  positions  to  two  hydroxy  groups  in  the  compound,  and  not  the  other  isomer  (II). 


At  a  considerable  excess  of  the  sulfonating  agent,  the  chief  reaction  product  obtained  is  the  disulfonic  acid 
having,  evidently,  structure  (III)  (l-methyl-2,4,-b-trihydroxybenzenedisulfonic-3,6  acid).  This  compound  does  not 
give  a  color  reaction  with  paraldehyde. 

p-Xyloquinone  and  m-xyloquinone  yield,  as  a  result  of  the  action  of  dioxansulfotrioxide,  monosulfonic  acids 
of  the  quinoid  type  (l,4-dimethylcyclohexadiene-l,4-dione-3,6-sulfonic-2  acid  and  1,3-dimethylcyclohexadiene- 
3,6-dione-2,5-sulfonic-4  acid).  The  barium  salts  of  the  sulfonic  acids,  obtained  by  treatment  of  the  sulfonated 
mass,  do  not  darken  in  the  air  and  do  not  give  a  color  reaction  with  quinone  solution,  while,  on  the  other  hand,  they 
do  form  colored  solutions  when  hydtoquinone  is  added.  It  is  evident  that  the  dioxansulfotrioxide  addition  product 
when  treated  with  water,  is  incapable  of  isomerizing  into  hydroxyhydroquinone,  and  eliminates  the  elements  of  wa¬ 
ter  to  give  the  sulfoquinone: 
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The  disulfonic  acid  (l,4-dimethylcyclohexadiene-l,4-dione-3.6-disulfonic-2,5  acid)  is  obiained  as  the  chief 
product  of  the  action  of  a  considerable  excess  of  sulfonating  agent  on  p-xyloquinone. 

It  should  be  noted  that  the  sulfonation  of  these  quinones  proceeds  with  greater  difficultly  and  with  smaller 
yields  than  with  p-benzoquinone  and  toluquinone;  a  considerable  quantity  of  the  quinone  is  recovered. 

We  made  a  number  of  attempts  to  sulfonate  duroquinone  (tetramethylbenzoquinone).  The  object  of  the  work 
was  to  verify  circumstantially  the  hypothesis  that  the  hydrogens  of  the  methyl  groups  in  methylated  quinones  can 
participate  in  the  reaction.  It  was  found  that  duroquinone  did  not  yield  even  traces  of  sulfonic  acids  with  a  great 
excess  of  dioxansulfotrioxide, 

a  -Naphthoquinone.  The  sulfonation  of  a -naphthoquinone  proceeded  smoothly.  The  sulfonic  acid  was  iso¬ 
lated  in  the  form  of  the  barium  salt,  which  oxidized  readily  in  air  in  the  presence  of  moisture  to  give  the  cherry- 
red  color  of  quinhydrone  witli  aqueous  solutions  of  ferric  chloride  or  quinone.  The  analytical  data  and  properties 
of  the  salt  which  was  isolated  coincided  with  those  of  the  disulfonic  acid  of  trihydroxynaphthalene. 

The  second  sulfo  group  entered  into  the  unsubstituted  benzene  ring,  since  when  the  sulfonic  acid  salt  was 
oxidized  by  Miller's  method  [17],  not  phthalic,  but  sulfophthalic,  acid,  isolated  in  the  form  of  the  potassium  salt, 
was  obtained. 

6  -Naphthoquinone.  The  sulfonation  of  0  -naphthoquinone  was  conducted  at  a  temperature  of  0  to  10°*, 
under  these  conditions  the  quinone  was  partially  polymerized.  The  analytical  data  and  the  properties  of  the  sul¬ 
fonic  acid,  isolated  in  the  form  of  the  barium  salt,  agreed  with  tliose  of  the  disulfonic  acid  of  0  -naphthoquinone. 
The  salt  did  not  give  a  coloration  with  ferric  chloride  and  was  stable  to  oxidation  by  atmospheric  oxygen. 

EXPERIMENTAL 


1.  Sulfonation  of  p - Benzoquinone 

Preparation  of  hydroxyhydroquinonesulfonic  acid.  30  ml  of  dichloroe thane  was  placed  in  a  sealing  tube  and, 
then,  while  it  was  being  cooled,  5.4  g  (0.09  mole)  of  sulfuric  anhydride  was  added.  6'g  of  dioxan  (a  small  excess 
over  the  theoretical)  was  gradually  added  to  the  solution  of  sulfuric  anhydride  in  dichloroe  thane.  In  order  to  con¬ 
vert  all  the  sulfuric  anhydride  into  dioxansulfotrioxide,  the  contents  of  the  tube  were  heated  for  a  short  time.  The 
precipitate  which  thereupon  formed  later  dissolved.  2.8  g  (0.03  mole)  of  p-benzoquinone  with  a  m.p.  of  116" 
was  added  to  the  cooled  solution  of  dioxansulfotrioxide.  The  tube  was  sealed  and  shaken  for  25-30  hours  at  room 
temperature.  The  reaction  had  to  be  conducted  in  the  complete  absence  of  moisture,  since  otherwise,  polymeriza¬ 
tion  of  the  quinone,  caused  by  the  presence  of  hydrogen  ions,  occurs. 

After  die  tube  was  opened,  its  contents  were  poured  into  400-500  ml  of  water  which  was  being  stirred  with 
a  mechanical  stirrer.  The  yellow  solution  which  formed  was  concentrated  in  a  vacuum  at  40-50°  in  a  carbon  di;- 
oxide  atmosphere  to  half  its  initial  volume;  at  the  same  time,  the  unreacted  quinone*  was  steam  distilled  off. 

The  solution,  while  being  vigorously  stirred,  was  poured  into  an  aqueous  suspension  of  barium  carbonate.  The 
precipitate  was  separated.  The  completely  transparent  solution  of  the  barium  salt  of  hydroxyhydroquinonesulfonic 
acid  was  concentrated  to  dryness  at  50-60"  in  a  carbon  dioxide  atmosphere.  After  the  concentration,  a  crystalline 
white  precipitate  of  the  barium  salt  of  hydroxyhydroquinonesulfonic  acid  formed  in  the  flask. 

The  salt  was  precipitated  from  methyl  alcohol  by  the  addition  of  100-150  ml  of  ether  in  the  form  of  fluffy 
white  crystals  which  were  quickly  separated  and,  after  abundant  washing  with  anhydrous  ether,  were  dried  in  a  v 
vacuum  desiccator  over  calcium  chloride.  The  barium;  salt  of  hydroxyhydroquinonesulfonic  acid  was  stored  in  a 
vacuum  desiccator  over  calcium  chloride.  The  yield  was  56^o. 

Found ‘7o:  Ba  25  30.  (C5H505S)2Ba.  Calculated  “Ifo:  Ba  25.14. 

The  barium  salt  of  hydroxyhydroquinonesulfonic  acid  was  quite  soluble  in  water  and  methyl  alcohol,  and  in¬ 
soluble  in  ether,  benzene  and  petroleum  ether.  In  the  moist  state,  the  salt  rapidly  undergoes  change  in  air;  under 
these  conditions,  a  black,  water-soluble  amorphous  precipitate  is  formed  which  becomes  cream -colored  on  stand¬ 
ing  in  air  and  then  darkens  again  with  the  formation  of  a  viscous  black  mass. 

The  sodium  salt  of  hydroxyhydroquinonesulfonic  acid  was  prepared  by  treating  an  aqueous  solution  of  the  bar¬ 
ium  salt  with  sodium  sulfate. 

*  Eliminatiori  of  the  quinone  before  the  barium  carbonate  treatment  was  necessary,  since  the  quinone  reacts  with 
the  carbonates  of  the  alkali  and  alkaline  earth  metals  to  form  unstable  colored  compounds. 
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Found  Na  10.26.  CgHsOgSNa.  Calculated  <70:  Na  10.08. 

The  sodium  salt  of  hydroxyhydroquinonesulfonic  acid  was  quite  soluble  in  water  and  methyl  alcohol,  and  in¬ 
soluble  in  ether,  benzene  and  petroleum  ether. 

The  sodium  salt  of  hydroxyhydroquinonesulfonic  acid  is  stable  in  air  in  the  dry  sute.  Bromine  water  and  po¬ 
tassium  permanganate  solution  are  rapidly  decolorized  by  the  action  of  aqueous  solutions  of  the  salt. 

Methylation  of  hydroxyhydroquinonesulfonic  acid.  The  method,  described  by  Gentsch  [14]  for  the  methyla- 
tion  of  pyrocatecholsulfonic  acid  was  used. 

3  g  of  potassium  sulfate  (to  precipitate  the  barium),  1.5  g  of  KOH  (ratio  to  the  sulfonic  acid,  3:1)  and  8  g  of 
methyl  iodide  (excess)  were  added  to  2.08  g  of  the  barium  salt  of  hydroxyhydroquinonesulfonic  acid  dissolved  in 
200  ml  of  methyl  alcohol.  The  mixture  was  heated  in  a  flask  with  a  reflux  condenser  on  a  water  bath  until  the 
reaction  became  neutral.  The  contents  of  the  flask  were  concentrated  to  dryness  and  extracted  with  hot  water. 

4.5  g  of  copper  sulfate  was  added  to  the  aqueous  solution  and  sulfur  dioxide  was  then  passed  into  it.  After  separat¬ 
ing  the  cuprous  iodide,  the  solution  was  neutralized  with  potash  and  concentrated.  The  precipitate,  after  drying, 
was  extracted  with  anhydrous  alcohol.  0. 3  g  of  the  oxidation -stable  potassium  salt,  which  agreed  in  analysis  with 
trimethoxybenzenesulfonic  acid,  was  obtained. 

Found  <7o:  K  13.89.  CjHnOeK.  Calculated  7o:  K  13.66. 

The  potassium  salt  of  trimethoxybenzenesulfonic  acid,  consisted  of  white,  hygroscopic  crystals,  quite  soluble 
in  water,  poorly  soluble  in  alcohol  and  insoluble  in  ether  and  benzene. 

Spectrographic  analysis  of  the  barium  salt  of  hydroxyhydroquinonesulfonic  acid  (the  solvent  was  water), 
conducted  with  a  Hilger  spectrograph  (sodium  chloride  prism)  in  the  infra-red  absorption  spectrum,  demonstrated 
the  presence  of  the  benzene  ring  frequencies*  (see  figure). 

Preparation  of  hydroxyhydroquinonedisulfonic  acid.  2. 5  g  | 

(0.023  mole)  of  p-benzoquinone  in  45  ml  of  dichloroethane  with 
dioxansulfotrioxide,  prepared  from  11  g  (0.137  mole)  of  sulfuric 
anhydride  and  15  g  of  dioxan  (excess),  was  placed  in  a  sealing 
tube.  The  mixture  was  left  at  room  temperature  for  6  days.  The 
reaction  liquid  was  treated  in  exactly  the  same  way  as  in  the  pre¬ 
paration  of  hydroxyhydroquinonesulfonic  acid.  The  barium  salt, 
which  agreed  in  analysis  and  properties  with  the  disulfonic  acid 
of  hydroxyhydroquinone,  was  prepared.  The  yield  was  8(y7o. 

Found  <70:  Ba  32.37.  C5H409S2Ba.  Calculated Ba  32.59. 

The  salt  of  hydroxyhydroquinonedisulfonic  acid  was  quite 
soluble  in  water;  the  salt  was  2-2.5  times  less  soluble  in  methyl 
alcohol  than  the  barium  salt  of  hydroxyhydroquinonesulfonic  acid 
(2  g  per  200  ml  of  methanol).  Aqueous  solutions  of  the  salt  gave 
a  cherry-red  color  with  aqueous  solutions  of  quinone  or  ferric 
chloride. 

The  salt  of  the  disulfonic  acid  did  not  give  a  xanthene  dye  on  heating  with  paraldehyde  and  sulfuric  acid. 

2.  Sulfonatlon  of  Toluquinone 

Preparation  of  toluhydroxyhydroquinonesulfonic  acid.  2  g  (0.0165  mole)  of  dry  and  sublimed  toluquinone 
(m.p.  69“)  was  added  to  a  tube  containing  a  solution  of  dioxansulfotrioxide  prepared  from  2  g  (0.025  mole)  of  sul¬ 
furic  anhydride  and  3  g  of  dioxan  in  a  solution  of  20  ml  of  dichloroethane.  After  standing  for  2  days,  the  contents 
of  the  tube  were  treated  in  the  same  way  as  in  the  sulfonation  of  p-benzoquinone.  The  barium  salt  of  toluhydroxy- 
hydroquinonesulfonic  acid  was  prepared.  The  yield  was  52f7o. 

Found  <70;  Ba  23.98.  (C^H^OgSlgBa.  Calculated  <70:  Ba  23.85. 

The  salt  was  quite  soluble  in  water  and  moderately  soluble  in  alcohol. 

Preparation  of  toluhydroxyhydroquinonedisulfonic  acid.  The  dioxansulfotrioxide  prepared  from  3  g  (0.037 
mole)  of  sulfuric  anhydride  and  4  g  of  dioxan  was  stirred  into  a  solution  of  1  g  (0.008  mole)of  toluquinone  in 
•  The  spectrographic  analysis  was  performed  at  our  request  by  V.  N.  Vasilyeva. 
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10  ml  of  dichloroethane.  The  vessel  was  sealed  and  shaken  for  60  hours.  The  reaction  product  was  treated  in  the 
same  way  as  the  preceding.  The  yield  was  Ql^lo. 

Found  <7o:  Ba  31.48.  CyHgOgSgBa.  Calculated  Ba  31,54. 

The  barium  salt  of  toluhydtoxyhydroquinonedisulfonic  acid  was  quite  soluble  in  water  and  insoluble  in  ether, 
benzene  and  ligroin. 

3.  Sulfonation  of  p - X yloqu inone 

p-Xyloquinone  was  prepared  by  oxidizing  p-xylidine  with  potassium  bichromate  in  a  solution  of  lO^o  sulfuric 
acid  [18];  the  m.p.  of  124.5-125“  agreed  with  the  literature  data  [18]. 

Preparation  of  p-xyloquinonesulfonic  acid.  0.8  g  (0.007  mole)  of  p-xyloquinone,  dissolved  in  6  ml  of  di¬ 
chloroethane,  was  stirred  into  dioxansulfotrioxide  prepared  from  0.5  g  (0.006  mole)  of  sulfuric  anhydride  and  1  g 
of  dioxan  in  a  sealing  tube. 

The  transparent  solution  which  formed  was  left  for  2  days  in  a  sealed  tube  at  room  temperature.  The  contents 
of  the  tube  were  tiien  treated  with  150-200  ml  of  water;  under  these  conditions,  a  portion  of  die  unreacted  p-xylo¬ 
quinone  separated  in  die  form  of  crystals.  The  aqueous  solution  was  extracted  with  50-70  ml  of  ether  to  eliminate 
the  unreacted  quinone,  and,  after  elimination  of  the  traces  of  ether,  the  aqueous  layer  was  neutralized  with  barium 
carbonate.  The  filtrate  was  concentrated  to  dryness.  The  precipitate  which  formed  was  almost  completely  dis¬ 
solved  in  methyl  alcohol  and  was  precipitated  from  the  latter  by  ether.  0.4  g  {‘2A°lo)  of  die  crystalline  barium  salt 
was  obtained  corresponding  in  its  properties  to  the  mouosulfonic  acid  of  p-xyloquinone. 

Found  V.  Ba  24.33.  (CgHy05S)2Ba.  Calculated Ba  24.18. 

The  salt  was  hygroscopic,  did  not  darken  in  air  and  did  not  give  a  color  with  ferric  chloride.  Aqueous  solu¬ 
tions  of  the  salt  had  the  red  color  of  quinhydrone  when  hydroquinone  was  added  to  them.  The  salt  was  quite  soluble 
in  water;  it  was  approximately  10  times  less  soluble  in  methyl  alcohol  than  the  barium  salt  of  hydroxyhydroquinone - 
sulfonic  acid  (0.2  g  in  100  ml  of  methanol). 

Preparation  of  the  disulfonic  acid  of  p-xyloquinone.  0,4  g  (0.003  mole)  of  p-xyloquinone  was  added  in  a 
tube  to  a  solution  of  dioxansulfotrioxide,  prepared  from  1  g  (0.012  mole)  of  sulfuric  anhydride  and  2  g  of  dioxan 
dissolved  in  10  ml  of  dichloroethane.  After  standing  at  room  temperature  for  3  days,  the  contents  of  the  tube  were 
treated  in  the  same  way  as  in  the  preceding  experiment.  The  barium  salt  of  p-xyloquinonedisulfonic  acid  was 
prepared  and  consisted  of  a  white  crystalline  precipitate.  The  yield  was  32^7o. 

Found  ‘^o;  Ba  31.67.  CjH50gS2Ba.  Calculated  °lo-.  Ba  31.84, 

The  salt  was  quite  soluble  in  water;  it  was  somewhat  more  poorly  soluble  in  methanol  than  the  barium  salt 
of  p-xyloquinonesulfonic  acid.  The  salt  was  precipitated  from  its  solution  in  methyl  alcohol,  by  ether,  in  the 
form  of  fluffy  crystals.  The  salt  was  similar  in  its  properties  to  the  barium  salt  of  p-xyloquinonesulfonic  acid. 

4.  Sulfonation  of  m -X yloquinone 

m-Xyloquinone  was  prepared  by  oxidizing  mesidine  with  chromic  anhydride  in  an  aqueous  solution  of  dilute 
sulfuric  acid  [19];  the  m.p.  of  71.5-72°  agreed  with  the  literature  data. 

0  8  g  (0,006  mole)  of  m-xyloquinone  was  stirred  into  8  ml  of  dichloroethane  with  the  dioxansulfotrioxide 
prepared  from  1  g  (0.012  mole)  of  sulfuric  anhydride  and  2,4  g  of  dioxan.  The  reaction  was  conducted  in  a  sealed 
tube  at  room  temperature  for  3  days.  The  reaction  product  was  treated  in  the  same  way  as  in  the  sulfonation  of 
p-xyloquinone.  The  barium  salt  was  prepared  by  precipitation  from  alcohol  by  ether  in  the  form  of  white  crystals 
with  a  yellowish  tinge.  The  salt  agreed  in  its  analysis  and  properties  with  the  monosulfonic  acid  of  m-xyloquinone. 
The  yield  was  29‘7o. 

Found ‘Jc:  Ba  24.38.  (CjH705S)2Ba.  Calculated ‘Vc:  Ba  24.18. 

The  salt  corresponded  in  its  properties  to  the  barium  salt  of  p-xyloquinonesulfonic  acid. 

5.  Sulfonation  of  Duroquinone 

Dinitrodurene,  obtained  by  the  nitration  of  durene,  served  as  the  starting  material  for  the  preparation  of  the 
duroquinone.  The  dinitrodurene  was  reduced  with  stannous  chloride  to  diaminodurene.  The  latter  was  isolated  from 
tile  reaction  mass  by  the  addition  of  alkali  and  was  extracted  with  ether.  The  ethereal  extracts  were  washed  with 
ISP/o  hydrochloric  acid.  The  diaminodurene  hydrochloride,  found  in  the  aqueous  layer,  was  oxidized  into  duroquinone 
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by  ferric  chloride  [20],  After  recrystallization  from  alcohol,  the  duroquinone  had  a  m.p.  of  111*.  which  agreed  with 
the  literature  data  [21], 

The  sulfonation  of  duroquinone  was  conducted  both  under  ordinary  conditions  and  with  heating  (3  experiments). 
The  reaction  liquid  was  treated  in  the  same  way  as  in  the  preceding  experiments.  Barium  was  not  detected  in  the 
water -soluble  salts, 

6.  Sulfonation  of  oc -Naphthoquinone 

2  g  (0,013  mole)  of  a -naphthoquinone  with  a  m.p.  of  125°  was  stirred  in  a  tube  with  dioxansulfotrioxide 
(from  6  g  of  sulfuric  anhydride  and  8  g  of  dioxan)  in  a  solution  of  20  ml  of  dichloroethane.  The  tube  was  sealed 
and  shaken  for  30-40  hours  at  room  temperature:  then  the  contents  of  the  tube  were  treated  with  200  ml  of  water. 
The  unreacted  a -naphthoquinone  was  filtered  off  from  the  aqueous  solution.  The  filtrate  was  treated  in  the  same 
way  as  in  tire  sulfonation  of  p-benzoquinone.  The  yield  was  437o. 

Found  <70;  Ba  28.94.  CiQH609S2Ba.  Calculated ‘yo:  Ba  29.14. 

The  barium  salt  was  quite  soluble  in  water,  soluble  in  methanol  and  insoluble  in  ether,  benzene  and  ligroin. 
The  precipitate  of  the  barium  salt  readily  underwent  oxidation  in  air,  with  the  formation  of  a  black -colored  amor¬ 
phous  mass. 

Oxidation  of  the  barium  salt  of  the  disulfonic  acid  [17],  The  barium  salt  (1.5  g)  was  dissolved  in  300  g  of 
a  2f7o  solution  of  sulfuric  acid.  The  barium  sulfate  precipitate  which  formed  was  filtered  off,  and  a  1*70  potassium 
permanganate  solution  was  added  from  a  buret  to  the  filtrate  while  it  was  being  stirred  constantly;  even  after  die 
addition  of  100  ml  of  potassium  permanganate,  the  solution  was  not  decolorized.  Further  addition  of  the  oxidizing 
agent  (400  ml)  was  carried  out  with  the  solution  heated  to  80-90°.  The  attempt  at  oxidation  was  terminated  when 
decolorization  of  the  potassium  permanganate  did  not  occur  even  on  heating.  The  manganese  dbxide  precipitate 
formed  was  filtered'  off,  and  the  solution  was  concentrated  on  a  water  bath  to  small  volume  and  extracted  with 
ether.  Phthalic  acid  was  not  detected  in  the  ethereal  layer  after  driving  off  the  ether.  Several  drops  of  concentra¬ 
ted  sulfuric  acid  were  added  to  the  aqueous  layer,  the  solution  was  concentrated  on  a  water  bath  to  eliminate  the 
volatile  acids,  and  the  thick  liquid  which  was  left  was  dissolved  in  100  ml  of  water.  The  solution  was  neutralized 
with  barium  carbonate,  the  precipitate  was  filtered  off,  and  the  barium  carbonate  was  precipitated  from  the  fil¬ 
trate  by  the  addition  of  potash. 

The  precipitate  which  formed  upon  concentration  of  the  filtrate  was  dried  for  a  long  time  over  phosphorus 
pentoxide  and  extracted  with  anhydrous  alcohol.  0.3  g  of  a  very  hygroscopic  potassium  salt,  which  corresponded 
in  its  properties  with  sulfophthalic  acid,  was  obtained. 

Found  “yo:  K  32.49.  Cj,H307SK3.  Calculated  <7:;  K  32.54. 

7.  Sulfonation  of  g  -Naphthoquinone 

2  g  (0.012  mole)  of  S  -naphthoquinone  (m.p.  115-117°,  with  decomposition)  was  dissolved  in  25  ml  of  di<- 
chloroethane  and  a  solution  of  dioxansulfotrioxide,  prepared  from  2  g  (0.025  mole)  of  sulfuric  anhydride  and  4  g 
of  dioxan  in  20  ml  of  dichloroethane,  was  added  to  the  orange  solution  of  the  0  -naphthoquinone.  The  tube  was 
sealed  and  left  to  stand  for  2  days  at  a  temperature  of  0-10°.  The  contents  of  the  tube  were  treated  with  200  ml 
of  water,  the  aqueous  solution  was  neutralized  with  barium  carbonate,  and  the  solution  of  the  barium  salt  was  con¬ 
centrated  in  a  vacuum  at  a  temperature  of  40-60°. 

The  barium  salt  was  reprecipitated  from  methyl  alcohol  with  ether.  The  yield  was  30^0. 

Found  <70:  Ba  30.32.  CiQH40gS2Ba.  Calculated  <70:  Ba  30.29. 

The  barium  salt  of  the  disulfonic  acid  of  0  -naphthoquinone  did  not  give  a  color  with  ferric  chloride.  The 
salt  decolorized  bromine  water  and  dilute  potassium  permanganate  solution. 

The  barium  salt  of  the  disulfonic  acid  of  0  -naphthoquinone  is  hygroscopic,  but  stable  to  oxidation  by  atmo¬ 
spheric  oxygen,  and  darkens  only  after  prolonged  standing  in  air. 

SUMMARY 

Typical  quinones,  which  undergo  profound  resinification  as  a  result  of  the  action  of  the  usual  sulfonating 
agents,  were  successfully  sulfonated  with  dioxansulfotrioxide.  It  was  shown  that,  depending  on  the  structure  of  tlie 
quinones  and  the  conditions  under  which  the  reaction  is  conducted,  the  following  results  are  obtained  under  these 


conditions:  the  sulfonation  of  p-benzoquinone  leads  to  the  formation  of  hydroxyhydroquinonesulfonic  and  hydroxy- 
hydroquinonedisulfonic  acids;  of  toluquinone,  to  methylhydroxyhydroquinonesulfonic.and  methylhydroxyhydroquin- 
onedisulfonic  acids;  of  p-xyloquinone,  to  p-xyloquinonesulfonic,  and  p-xyloquinonedisulfonic  acids;  of  m-xylo- 
quinone.  to  m-xyloquinonesulfonic  acid;  of  a -naphthoquinone,  to  trihydroxynaphthalenedisulfonic  acid;  and  of 
0  -naphdioquinone,  to  0  -naphthoquinonedisulfonic  acid. 

The  sulfonation  proceeds  via  an  intermediately-formed  adduct  of  dioxansulfotrioxide,  vdiich  is  cleaved  dur¬ 
ing  the  treatment,  with  formation  of  the  indicated  products. 
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2-ALKOXYMETHyL  -  AND  2  -  A  R  YL  O  X  YME  T  H  YL -4(  p  -  A  M  IN  OPHE  N  YL  )  -  THI A  Z  OLES 


S.  G.  Fridman 


In  a  preceding  work  [1],  the  synthesis  was  described  of  4-alkoxymethyl-  and  4-aryloxymethyl-2-(p-amino- 
phenyl)-thiazoles  (A),  prepared  via  the  reaction  of  4-chloromethyl-2-(p-nitrophenyl)-thiazole  with  alcohblates 
and  phenolates.  with  subsequent  reduction  of  the  nitro  derivatives  formed  into  tiie  amino  compounds. 

In  the  present  article,  the  synthesis  of  thiazble  derivatives  (B),  which  differ  from  those  previously  described 
only  in  the  position  of  the  substituents  in  the  thiazole  ring,  is  described; 


HC- 

,4 


i  /'  A 

RCX;H2-C  C-'  >NHo; 

\  /  V-/ 


(A) 


HC - S 

/'■  V 11  • 

NH,  <  V-C  C  -CHoOR. 

\  /  \  / 


(B) 


The  synthesis  of  such  compounds  was  accomplished  via  the  reaction  of  2-chloromethyl-4-(p-nitrophenyl)- 
thiazole  with  alcoholates  and  phenolates.  The  ethers  of  2-hydroxymethyl -4-(p-nitrophenyl)-thiazols  were  then 
reduced  into  the  corresponding  amino  derivatives  according  to  tiie  scheme: 


HC - S 

'  I'  I  RONa 

NO2'  -C  ^C-CH^Cl  - ►  NOj' 

\n' 


HC - S  HC 

/'  i-  ■"""  '' 


-S 


C-CH,OR  — »*-  NH,'  '  C  C  -CH,OR. 

\  /  \  _y  \  / 

N/  ^N^ 


where  R=  C2H5,  n-C^Hj,  CgHg.  p-CjH^Cl,  CHsO^  <0-  and  p-). 


The  initial  2-chloromethyl-4-(p-nitrophenyl)-thiazole  was  not  known,  and  was  prepared  by  us  by  nitrating 
2-chloromethyl-4-phenylthiazole  [2].  also  by  condensing  p -nitro -w-bromoacetophenone  with  benzoyloxythioacet- 
amide,  saponifying  the  benzoyl  derivative  (I)  which  was  formed  into  2-hydroxymethyl -4 -(p-nitrophenyl)-thiazole 
(11),  and  subsequently  converting  it  into  2-chloromethyl-4-(p-nitrophenyl)-thiazole  (III); 


HSx 


NOj^  ,-COCH2Br 


/■ 


HC - S 


+  ^C-CHgOCOCgHj  — ►  no/.  )-C  C-CH2CX:OCgH5 

HN  \  -  \^/ 


(I) 


NaOH 


NO, 


HC - S  HC - S 

.11  I  SOCU  /'  \  II  I 

^C  C-CHjOH  - N02<  )-C  C-CH2CI 


(ID 


(III) 


The  2-alkoxymethyl-4-(p-nitrophenyl)-thiazoles  were  prepared  by  heating  2-chlotomethyl-4-(p-nitrophenyl)- 
thiazole  with  the  corresponding  alcoholates;  the  2-aryloxymethyl-4-(p-nitrophenyl)-thiazoles  were  isolated  in  ex¬ 
cellent  yields  by  heating  the  2-chloromethyl  derivative  with  the  corresponding  phenols  in  acetone  solution  in  the 
presence  of  anhydrous  potash.  The  2-alkoxymethyl-  and  2-aryloxymethyl-4-(p-nitrophenyl)-thiazoles  obtained  are 
set  forth  in  Table  1.  All  the  preparations  consisted  of  well -crystallized  substances.  The  2-alkoxymethyl-4-(p- 
nitrophenyl)-thiazoles  were  recrystallized  from  alcohol.  The  2-aryloxymethyl  derivatives  were  poorly  soluble  in 
alcohol:  they  were  recrystallized  from  acetic  acid. 


2-Alkoxymethyl-4-(p-nitrophenyl)-thiazoles  of  the  General  Formula: 

HC - S 


IV  ,  CjHg- 


V  '  n-C4H,- 


VII  ’  Cl 


O 

o 


C-CHjOR 


Analytical  results 


nitrogen  (^o)  sulfur  (^o) 


found  calculated  found  calculated 


96-97“  78  C12H12O5N2S  10.40 

i  !  10.43 

! 

60-61  77  ■  CuH,60,NoS  9.67 


134  45  Ci6Hi20jN2S 


160  I  62  CigHiiOsNzSCl 


VII  CHgi 


“O" 


136-137  56  C,,HuO.N,S 


113  62  ‘  C17HJ4O4N2S 


TABLE  2 

2-Aryloxymethyl-4-(p-aminophenyl)-thiazoles  of  the  General  Formula: 

HC - S 


C  C-CH,OR 


Melting  j  Yield  I  Empirical  formula 
point  {°Jo) 


Analytical  results 


nitrogen  (70) 


found  calculated 


TABLE  3 


Hydrochlorides  of  2-Alkoxymethyl-  and  2-Aryloxymethyl-4-(p-aminophenyl)-thiazoles  of  the  General  Formula: 

HC - S 


HCl-NH,'  /-C  C-CH,OR 

''  \n/ 


No. 

R 

Melting 

point 

,  ■  . . . 

Empirical  formula  I 

Analytical  results 

_ 

nitrogen  {°Io) 

found  1  calculated 

XII 

C2H5- 

212-213" 

CizHisON^SCl 

10.52 

10.35 

10.61 

\ 

XII 

(  r 

228-229 

C16H15ON2SCI 

8.72 

8.75 

\  .-V 

8.61 

XIV 

Cl/  y 

243 

CieHuON^SCl^ 

8.01 

7.93 

8.11 

XV 

CH50(  ^ 

222-224 

C17H17O2N2SCI 

7.92 

8.03 

\.  .  / 

7.78 

XVI 

i  •  — 

183-184 

i  Ci7H„02N2SC1HC1 

7.29 

7.27 

(with  decomp.) 

7.08 

OCH3 

The  reduction  of  the  nitro  derivatives  into  the  corresponding  amines  was  conducted  in  an  alcoholic  medium 
with  iron  filings,  analogously  to  that  of  the  4-alkoxymethyl-  and  4-aryloxymethyl-2-(p-nitrophenyl)-thiazoles. 

Only  two  amines  were  isolated  in  the  free  form  (Table  2);  the  others  were  identified  in  the  form  of  the  hydrochlor¬ 
ides  and  acetyl  derivatives.  The  salts  consisted  of  colorless  needles  and  were  purified  by  recrystallization  from  al¬ 
cohol.  The  melting  point  and  analytical  data  for  the  hydrochlorides  obtained  are  set  forth  in  Table  3.  We  did  not 
succeed  in  obtaining  the  hydrochlorides  of  2-butoxymethyl-4-(p-aminophenyl)-thiazole  in  analytically  pure  form. 

The  acetyl  derivatives  are  set  forth  in  Table  4;  these  derivatives  were  purified  by  recrystallization  from  acet¬ 
ic  acid. 


EXPERIMENTAL 

Benzoyloxyacetonitrile  was  prepared  from  hydroxyacetonitrile  and  benzoyl  chloride  in  the  follovang  manner. 
1  mole  of  benzoyl  chloride  was  slowly  added,  in  the  form  of  drops,  to  the  reaction  mixture,  containing  1  mole  of 
hydroxyacetonitrile  [3],  with  vigorous  stirring  and  at  a  temperature  of  10-12*.  The  precipitate  which  settled  out 
was  then  extracted  with  chloroform,  the  chloroform  solution  was  dried  with  calcium  chloride,  and,  after  the  sol¬ 
vent  had  been  distilled  off.  the  benzoyloxyacetonitrile  was  distilled  in  a  vacuum  at  143-145*  (12  mm).  The  yield 
was  87*70.  The  data  obtained  agree  with  the  specifications  in  the  literature  [4]. 

Benzoyloxythioacetamide  was  prepared  from  benzoyloxyacetonitrile  and  hydrogen  sulfide  under  the  con¬ 
ditions  which  are  described  in  the  literature  [4]. 

2 -Chloromethyl -4 -phenyl thiazole  was  prepared  from  2-hydroxymethyl -4-phenylthiazole  and  (Bosphorus 
oxychloride  in  accordance  vnth  the  literature  data  [2]. 

2-Benzoyloxymethyl-4-(p-nitrophenyl)-thiazble  (I) 

A  mixture  of  24.4  g  of  p -nitro -cj-bromoacetophenone  and  21.4  g  of  benzoyloxythioacetamide  in  25  ml  of 
alcohol  was  carefully  heated  on  a  water  bath  until  it  began  to  boil,  after  which  it  was  set  aside  from  the  bath  and 
the  reaction  was  allowed  to  continue  to  completion  by  itself  (it  was  cooled  when  necessary).  Upon  completion  of 
the  boiling,  the  reaction  mixture  was  heated  for  15  minutes  more  on  a  boiling  water  bath  and  the  yellow  precipi- 
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Acetyl  Derivatives  of  2-Alkoxymefliyl-  and  2-Aryloxymethyl-4-(p-aminophenyl)-thiazoles  of  the  General  Formula: 
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XXI  CH. 


^18^^1602^2^ 


C18H15O2N2SCI 


^19^18^3^25 


C19H18O3N2S 


tate  which  formed  was  filtered  off  and  dried  in  air.  The  weight  of  the  crude  product  was  28.3  g  (84*70).  The  m.p 
was  161°.  After  recrystallization  from  glacial  acetic  acid,  the  m.p.  was  161°. 

Found  %  N  8.31.  8.45;  S  9.73,  9.60.  C17H12O4N2S.  Calculated  <^o:  N  8.23;  S  9.41. 

2 -  Hydroxymethyl -  4 -(p-nitrophenyl)-thiazole  (II) 


2-Benzoyloxymethyl-4-(p-nitrophenyl)-thiazole  (25  g)  was  heated  with  250  ml  of  a  SPjo  alcoholic  solution 
of  potassium  hydroxide  until  it  had  completely  dissolved,  and  the  hot  solution  was  poured  out  into  ice  water.  The 
crystalline  precipitate  which  settled  out  was  filtered  off  and  recrystillized  from  alcohol.  It  consisted  of  shiny 
light  yellow  scales  with  a  m.p.  of  200°.  The  yield  was  15.5  g  (90*70). 

Found  <7o;  N  11.70,  11.71;  S  13.30.  13.36.  CijHgOjNjS.  Calculated  <7a  N  11.86;  S  13.56. 

2 -Chloromethyl  -4-(p-nitrophenyl)-thiazole  (III) 


a)  15  ml  of  thionyl  chloride  was  added  to  a  suspension  of  14.2  g  of  2-hydroxymethyl -4-(p-nitrophenyl)- 
thiazole  in  50  ml  of  benzene,  and  the  mixture  was  heated  on  a  water  bath  at  75-80°  for  2  hours.  After  distilling 
off  the  benzene  and  excess  thionyl  chloride  in  a  vacuum,  the  residue  was  stirred  into  water,  filtered,  and  washed 
several  times  with  SPio  sodium  hydroxide  solution  and  then  'with  water,  and  after  drying,  was  recrystallized  from 
alcohol  (with  carbon).  The  yield  of  pure  product  was  9.6  g  (637o).  It  consisted  of  light  yellow  needles  with  a  m.p. 
of  15r. 

Found  *7c:  N  10.70,  10.84;  Cl  13.78,  13.82.  C10H7O2N2SCI.  Calculated  *7o:  N  11.00;  Cl  13.94. 

b)  17.7  g  of  2 -chloromethyl -4 -phenyldiiazole  was  added  to  75  ml  of  concentrated  sulfuric  acid  with  cool¬ 
ing  and  stirring.  A  mixture  of  19.5  ml  of  nitric  acid  (d  1.4)  and  20  ml  of  concentrated  sulfuric  acid  was  added  in 
the  form  of  drops  to  the  transparent  solution  obtained  at  0.-2°  over  a  period  of  30  minutes.  After  completion  of  the 
addition  of  the  nitrating  mixture,  the  stirring  was  continued  for  30  minutes  more  at  room  temperature;  the  reaction 
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mixture  was  then  poured  onto  ice.  The  precipitate  which  settled  out  was  filtered  off.  washed  with  water  and  dried. 
The  yield  of  crude  product  was  19.9  g  (93^o).  After  recrystallization  from  alcohol  or  glacial  acetic  acid,  light  ; 
yellow  needles  with  a  m.p.  of  157®  were  formed,  which  did  not  display  melting  point  depression  in  a  mixed  sample 
with  the  product  obtained  from  2 -hydroxymethyl -4 -(p-nitrophenyl)-thiazole  and  thionyl  chloride. 

2-Ethoxymethyl-4-(p-nitrophenyl)-thiazole  (IV) 

0.6  g  (0.025  gr-atom)  of  sodium  was  dissolved  in  20  ml  of  anhydrous  alcohol,  and  6.3  g  (0.025  mole)  of  2- 
chloromethyl-4-(p-nitrophenyl)-thiazole,  in  100  ml  of  anhydrous  alcohol,  was  then  added  to  the  solution.  The 
mixture  was  heated  on  a  boiling  water  bath  for  8  hours,  the  alcohol  was  distilled  off,  and  the  residue  ^^as  stirred  into 
water,  filtered  off  and  recrystallized  from  alcohol.  Preparation  (V)  was  obtained  analogously. 

2-Aryloxymethyl-4-(p-nitrophenyl)-thiazoles  (Vl-IX) 

A  mixture,  consisting  of  5  g  (0.02  mole)  of  2-chloromethyl-4-(p-nitrophenyl)-thiazole,  0.04  mole  of  the 
corresponding  phenol  and  5.4  g  (0.04  mole)  of  anhydrous  potash  in  75  ml  of  dry  acetone,  was  boiled  on  a  water 
bath  for  18-20  hours.  After  the  acetone  had  been  distilled  off.  the  residue  was  stirred  into  a  5^o  solution  of 
sodium  hydroxide  .  filtered  off,  washed  with  water  and  recrystallized  fromeither  alcohol  or  glacial  acetic  acid. 

The  boiling  point,  yields  and  analytical  data  for  the  preparations  obtained  are  set  forth  in  Table  1. 

The  reduction  of  the  2-alkoxymethyl-  and  2-aryloxymethyl-4-(p-nitrophenyl)-thiazoles  and  their  conversion 
into  the  hydrochlorides  and  acetyl  derivatives  were  carried  out  analogously  to  the  preparation  of  the  isomeric  4- 
alkoxymethyl  and  4-aryloxymethyl  compounds  [1], 


SUMMARY 

1.  A  number  of  2-alkoxymethyl-  and  2-aryloxymethyl-4-(p-nitrophenyl)-thiazoles  were  prepared. 

2.  The  2-alkoxymediyl-  and  2-aryloxymethyl-4-(p-aminophenyl)-thiazoles  were  prepared  by  reducing  the 
nitrothiazoles  formed. 
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THE  STRUCTURE  OF  GRAMICIDIN  C 

LI  INVESTIGATION  OF  THE  FORMATION 
OF  THE  COPPER  COMPLEXES  OF  GRAMICIDIN 

L.  N.  Akimova  and  N.  I.  Gavrilov 


In  the  preceding  work  [1],  we  established  the  presence  in  gramicidin  C  of  a  piperazine  ring  which  consists 
of  proline  and  phenylalanine  and  proposed  a  hypothetical  structure  for  this  antibiotic.  Nevertheless,  a  number  of 
the  properties  of  this  interesting  compound  contradict  the  formula  proposed;  1)  the  dimeric  character  of  gramicid¬ 
in;  2)  the  absence  of  carboxylic  groups,  or.  more  correctly,  the  impossibility  of  determining  them  by  ordinary  meth¬ 
ods;  3)  the  formation  of  the  ’’violet"  copper  complex  with  gradual  appearance  of  the  "red"  complex  and  its  recon¬ 
version  into  the  ’’violet’’  complex  when  the  biuret  reaction  is  carried  out  a  second  time  with  the  regenerated  gram¬ 
icidin;  4)  the  formation,  when  the  copper  complex  of  gramicidin  with  an  absorption  maximum  at  a  wavelength  of 
535  mp  (which  corresponds  to  that  of  an  artificial  mixture  of  complexes  of  38^o  tripeptide  and  62%  pentapeptide) 
is  decomposed,  of  a  compound  ,  the  copper  complex  of  which  no  longer  gives  the  previous  maximum, 
i.e..  535  mp ;  a  sort  of  regeneration  in  the  properties  of  this  compound  occurs  and  the  absorption  maximum  is  re¬ 
stored  to  the  initial  value,  i  e..  to  570  mp .  and  5)  the  presence,  in  the  hydrolysis  products  of  gramicidin,  of  phenyl- 
alanylleucine.  which  also  can  not  be  explained  by  the  monomeric  formula  proposed  by  us  in  the  preceding  article. 

All  that  has  been  indicated  above  forces  us  to  consider  that  the  formula  of  gramicidin  is  dimeric,  but  that 
the  dimerization  seems  to  be  achieved  not  due  to  amidine  bonds  as  suggested  by  Syrkin-Shigorin,  but  as  the  result 
of  the  formation  of  a  new  compound  with  the  simultaneous  presence  of  the  amidine  and  aminoacyl  forms  of  the 
bonds  discovered  by  us  [2].  The  presence  of  two  molecules  of  water  (as  has  been  verified  for  the  gramicidin  mole¬ 
cule  by  a  number  of  authors)  which  can  be  eliminated  by  heating  to  110°.  gives  an  indication  concerning  the  mech¬ 
anism  of  formation  of  this  compound.  It  must  be  considered  that  the  primary  structure  of  the  monomer  has  not 
an  amidine.  but  an  aminoacyl  nature,  and  that  this  monomer  then  undergoes  autocondensation,  of  the  coiidensa- 
tion  type  discovered  by  us  for  N-aminoacyldiketopiperazines  with  amines  [2].  as  a  result  of  which  the  hydrated 
form  of  the  acylated  amidine  is  obtained  (Scheme  1). 

The  formula  for  gramicidin  which  is  presented  in  the  scheme  is  in  accord  with  aU  -the  properties  of  gram¬ 
icidin  C  known  up  to  the  present  rime,  which  have  been  revealed  by  both  Soviet  scientists  (Gauze -Brazhnikova. 
Belozersky.  Paskhina).  and  by  foreign  scientists  (Senger.  Singe.  Gordon.  Martin.  Consden).  The  behavior  of  gram¬ 
icidin  C  as  a  result  of  its  treatment  with  alkali  and  with  copper  remains  not  entirely  clear  from  the  point  of  view 
of  this  formula.  While  the  formation  of  the  "violet"  complex  in  the  first  instant  of  the  biuret  reaction  follows 
from  its  structure,  the  additional  appearance  of  the  "ted”  complex  requires  explanation.  The  well-known  opening 
of  the  ring  in  N-aminoacyldiketopiperazines  when  they  are  treated  with  copper  in  an  alkaline  medium  is  associa¬ 
ted  with  lengthening  of  the  chain.  The  possibility  can  not  be  excluded  that  the  presence  of  a  similar  structure  in 
gramicidin  and  the  rupture  of  the  piperazine  ring  associated  with  it  is  the  cause  of  the  ’’red"  complex.  However, 
the  regeneration  of  this  ring,  after  the  isolation  of  gramicidin  from  the  copper  complex,  is  entirely  unexpected  and 
contains  the  clue  to  a  number  of  facts  in  the  field  of  protein  chemistry  which  have  hitherto  remained  unexplained. 

When  copper  biuret  complexes  of  proteins  are  decomposed  by  acidification  and  formed  again  through  die  ac¬ 
tion  of  an  alkaline  medium,  they  do  not  lose  the  capacity  to  yield  primarily  the  "red”  complex;  when  this  is  done 
with  gramicidin  we  have  a  secondary  appearance  of  the  "red"  complex.  The  structures  depending  on.  and  entering 
into,  this  complex,  begin  to  compete  with  the  structures  of  the  "violet”  complex  only  in  the  process  of  its  forma¬ 
tion.  instantaneously  disappearing  upon  acidification,  so  that  it  can  arise  again  as  a  result  of  the  action  of  alkali. 
The  rupture  of  the  piperazine  ring  during  hydrolysis  by  acid,  however,  is  demonstrated  by  the  existence  of  leocyl- 
phenylalanine  in  the  decomposition  products  (Singe  and  coworkers). 

We  have  been  trying  to  find  a  way  to  resolve  all  these  still  unsolved  problems  which  are  associated  with  the 
structure  of  gramicidin,  the  resolution  of  which  will  lead  to  the  synthesis  of  this  antibiotic.  We  can  only  state  with 
certainity  that:  1)  in  gramicidin  C  there  is  a  piperazine  ring,  formed  by  phenylalanine  and  proline:  2)  gramicidin  C 


063 _ 


Scheme  1 


is  a  dimer;  3)  in  the  native  molecule  of  gramicidin  there  is  a  tripeptide  which  gives  a  complex  with  copper  in  al¬ 
kaline  medium  with  an  absorption  maximum  at  wavelengths  of  570-575  mp  (Fig.  1>,  4)  as  a  result  of  more  pro¬ 
longed  action  of  alcoholic  alkali  and  copper  on  gramicidin  C  the  "red"  complex  with  an  absorption  maximum  at  a 
wavelength  of  515  mp  is  formed;  tiiis  closely  approaches  the  ordinary  light  absorption  maximum  (Fig.  2)  for  the 
pentapeptide  (515  mp )  or  the  amide  of  the  tripeptide  (525  mp );  5)  after  decomposing  the  copper  biuret  complex 
of  gramicidin  C.  the  gramicidin  which  is  regenerated  appears,  with  a  high  degree  of  probability  to  be  identical 
with  the  initial  gramicidin  C,  since;  a)  in  the  first  instant  of  the  biuret  reaction,  it  gives  the  "violet”  complex 
with  an  absorption  maximum  at  wavelengths  of  570-575  mp;  b)  the  copper  biuret  complex  of  gramicidin,  after 
the  prolonged  action  of  alcoholic  alkali  on  it,  is  characterized  by  a  displacement  of  the  absorption  maximum  in 
the  direction  of  the  short  waves  and  appears  to  be  the  typical  "red"  complex;  c)  it  gives  a  reaction  with  picric  ' 
acid  in  soda  solution  which  indicates  the  presence  of  a  diketopiperazine  ring;  d)  the  melting  point  of  the  regenera¬ 
ted  gramicidin  is  not  depressed  in  a  mixture  with  the  initial  gramicidin,  and  is  equal  to  282°,  i.e. ,  the  melting 
point  of  the  initial  gramicidin;  6)  the  copper  number  of  gramicidin  is  equal  to  676,  which  is  equivalent  to  half 
that  of  the  dimeric  form  (1294).  This  indicates  that  gramicidin  is  not  decomposed  by  the  action  of  alkali,  but  that 
an  as-yet-unknown  rearrangement  proceeds  in  it  which  gives  equilibrium  forms  between  the  structures  capable  of 
forming  the  "violet"  and  "red"  complexes.  It  is  highly  probable  that  gramicidin  C  has  the  structural  formula  set 
forth  above. 

EXPERIMENTAL 

1.  Preparation  of  the  copper  biuret  solution  of  gramicidin.  A  weighed  sample  of  gramicidin  was  dissolved 
in  50*70  alcohol;  then  an  equal  volume  of  4*7©  alcoholic  alkali,  and  in  the  form  of  drops,  a  25*7o  alcoholic  solution 
of  CuClj  were  added  until  flakes  of  cupric  hydroxide  which  did  not  disappear  were  formed.  The  solution  was 
shaken  on  a  rocking  device,  and,  after  a  specified  interval,  was  centrifuged.  The  transparent  solution  of  the 
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Fig,  1,  Spectrophotometric  curves  of  the  copper  biuret 
complexes.  1)  l®io  solution  of  gramicidin;  2)  0,0.1  M' 
solution  of  the  tripeptide. 


Fig.  2.  Spectrophotometric  curves  of  the  copper  biuret 
complexes.  1)  1%  solution  of  gramicidin  (after  standing 
for  10  days  with  ‘^Jo  NaOH);  2)  0.01  M  solution  of  the 
pentapeptide. 


Fig.  3.  Spectrophotometric  curves  of  the  copper  biuret  complexes 
of  gramicidin  {QA°lo  solution).  1)  After  standing  for  24  hours  with 
Cu(OH)2;  2)  after  48  hours;  3)  after  5  days;  4)  after  standing  for  15 
days. 


copper  complex  of  gramicidin  was  diluted 
with  50%  aqueous  alcohol  until  the  content 
of  gramicidin  was  equal  to  0,4%.  The  solu¬ 
tion  thus  obtained  was  analyzed  spectrophoto- 
metrically.  An  SF  -4  spectrophotometer  was 
used  for  taking  the  spectrophotometric  curves 

2.  Determination  of  copper  in  the 
copper  biuret  solutions  of  gramicidin.  10-20 
ml  of  the  centrifuged  solution  of  the  copper 
complex  of  gramicidin  was  burned  with 
4  ml  of  concentrated  H2SO4.  and  transferred 
with  50  ml  of  water  into  a  flask  where  the 
copper  was  determined  iodometrically. 

3.  Investigation  of  the  changes  in 
gramicidin  which  depend  on  die  time  its 
copper  solution  stands  with  Cu(OH)2.  After 
the  solution  of  the  copper  biuret  complex  of 
gramicidin  had  stood  for  1  hour  with  Cu(OH)2 
it  was  centrifuged,  investigated  for  its  quan¬ 
titative  content  of  copper  and  analyzed  spec- 
trophotometrically  (Fig.  3).  The  results  of 
the  determinations  of  copper  and  the  spectro¬ 
photometric  investigations  of  the  copper  biu¬ 
ret  complexes  of  gramicidin  are  presented  in 
Tables  1  and  2. 


The  investigations  of  the  copper  biuret 
complexes  of  gramicidin  which  we  carried  out  led  us  to  the  conclusion  that  the  properties  of  these  complexes  vary, 
and  depend  on  the  conditions  under  which  they  are  formed.  Thus,  when  the  biuret  reaction  of  gramicidin  is  carried 
out,  in  the  first  moment  of  the  simultaneous  addition  of  copper  and  NaOH,  the  formation  of  the  "violet”  complex 
of  the  tripepetide  occurs.  This  is  confirmed  by  the  position  of  the  maximum  at  wavelengths  of  570-575  mp,  which 
is  characteristic  of  the  tripepetide  (the  copper  determination  was  conducted  simultaneously).  However,  even  after 
standing  for  some  time  with  excess  cupric  hydroxide,  the  displacement  of  the  maximum  in  the  direction  of  the 
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Change  in  the  Optical  Density  c  as  a  Function  of  the  Duration  of  Standing  of  QA°lo  Solutions  of  the  Copper  Biuret 
Complexes  of  Gramicidin  with  Cu(OH)2 


Optical  density  during  prolonged  standing  with  Cu(OH)2 

24  hours 

48  hours 

WEESm 

7  days 

■kE39H 

15  days 

450 

0.104 

0.170 

0.257 

0.293 

0.321 

;  0.363 

0  359 

0.358 

460 

0.131 

0.226 

0.327 

0.394 

0.425 

1  0.462 

0.470 

0.421 

470 

0.167 

0.296 

0.425 

0.507 

0  534 

0.576 

0.550 

0.504 

480 

0.217 

0.377 

0.511 

0.634 

0.656 

0.693 

0.638 

0.636 

490 

0.271 

0.471 

0.645 

0.776 

0.784 

'  0  826 

0.760 

0,732 

500 

0.331 

0.577 

0.736 

0.925 

0.923 

0.973 

0.878 

0.844 

510 

0.403 

0.688 

0.774 

1,070 

1.063 

1.117 

0.989 

0.954 

520 

0.472 

0.783 

0.887 

1.198 

1.197 

1.215 

1.081 

1.078 

525 

- 

1.03 

1.256 

1.220 

1.267 

1.106 

1.078 

530 

0.543 

0.883 

1.06 

1.283 

1.265 

1.293 

1  134 

1.088 

535 

- 

- 

1.11 

1.294 

1.280 

1.305 

1.146 

1.098 

540 

0.605 

0.943 

1.13 

1.294 

1.274 

1.308 

1  126 

1.080 

550 

0.649 

0.998 

1.12 

1.281 

1.217 

1.245 

1.075 

1  028 

560 

0.683 

1.020 

1.08 

1.202 

1.127 

1.149 

0.987 

0  944 

570 

0.690 

0.999 

1.02 

1.105 

1.020 

1.035 

0.880 

0.838 

575 

0.690 

0.958 

- 

- 

- 

580 

0.680 

0.905 

0.921 

0.981 

0.894 

0.904 

0.743 

0  724 

590 

0.651 

0.838 

0.824 

0.862 

0.775 

0.775 

0.654 

0.608 

600 

0.606 

0.759 

0.723 

0.738 

0.641 

0.640 

0.538 

0.500 

610 

0.562 

0.673 

0.626 

0.618 

0.524 

0.522 

0.437 

0.400 

620 

0.510 

0.521 

0.527 

0.507 

0.420 

0.412 

0.340 

0  312 

630 

0.453 

0.449 

0.430 

0.394 

0.326 

0.306 

0.256 

0.222 

640 

0.403 

0.386 

0.357 

0.314 

0.258 

0.229 

0.199 

0.172 

650 

0.353 

0.332 

0.293 

0.249 

0.194 

0.171 

0.139 

0.119 

660 

0.312 

0.287 

0.242 

0.198 

0.148 

0.129 

0.109 

0.098 

670 

0.268 

0.252 

0.202 

0.155 

0.121 

0.097 

0.067 

0.076 

680 

0.242 

0.222 

0.171 

0.126 

0.102 

0.076 

0.043 

0.061 

690 

0.212 

0.198 

0.142 

0.101 

0.078 

0.061 

0.029 

0.048 

700 

0.187 

0.169 

0.127 

0.091 

0.066 

0.051 

- 

- 

710 

0.167 

0.152 

0.105 

0.077 

0.054 

0.039 

— 

— 

TABLE  2 

Ratio  of  Gramicidin  and  Copper  in  the  Formation  of  the 
Complex  and  the  Maximum  Light  Absorption  of  the  Complexes 
as  a  Function  of  the  Duration  of  Standing  of  the  Biuret  Solutions 
with  Cu(OH)j. 


Duration  of  standing 
of  copper  complex 
with  Cii(OH), 

Amt.  of  gramicidin 
bound  per  mole  of 
copper (g) 

Ratio  of  copper 
to  the  substance 
( moles) 

^max. 

(mp) 

1  hour . 

1.343 

1:2 

570 

24  hours . 

688 

1:1 

560 

48  hours . 

661.6 

1:1 

540 

5  days . 

682.1 

1:1 

535 

7  days . 

686.0 

1:1 

535 

9  days . 

686.0 

1:1 

535 

13  days . 

681.1 

1:1 

535 

short  waves  was  observed.  Thus,  after  the 
copper  biuret  complex  of  gramicidin  had 
stood  for  a  day.  its  maximum  was  charac¬ 
terized  by  a  wavelength  at  560  mp  .  The 
ratio  of  copper  to  gramicidin  is  doubled, 
i.e.,  1  mole  of  copper  binds,  not  1294  g 
of  gramicidin  (maximum  570  mp  ),  but 
688  g  of  gramicidin  (maximum  560  mp  ) 
Standing  of  the  solution  of  the  copper  com¬ 
plex  of  gramicidin  for  2  days  caused  a  dis¬ 
placement  of  the  maximum  in  the  direction 
of  the  short  waves  by  20  mp  (maximum  540 
tui ).  The  ratio  of  copper  and  gramicidin 
remained  as  before,  i.e.,  if  the  molecular 
weight  of  gramicidin  is  considered  as  equal 
to  643,  then  this  ratio  is  1:1  In  the  fifth 
day  of  standing,  the  absorption  maximum 
for  the  gramicidin  complex  was  equal  to 
535  mp ,  at  the  same  ratio  of  copper  to 
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gramicidin.  It  is  interesting  to  note  that  this  maximum  is  preserved  even  after  gramicidin  has  stood  for  15  days 
with  Cu(OH)2. 

4.  Action  of  alkali  on  gramicidin.  To  establish  the  comparative  quantities  of  the  ’’red"  and  "violet” 
complexes,  we  undertook  the  analysis  of  the  transformation  products  of  gramicidin  with  alkali.  The  absorption  max¬ 
imum  for  the  gramicidin  tripeptide  completely  coincides  with  the  absorption  spectrum  for  the  isolated  tripeptide. 
The  absorption  maximum  for  the  "red”  complex  in  gramicidin  was  determined  in  the  following  manner;  0.1012  g 
of  gramicidin  in  10  ml  of  ‘SS’lo  alcoholic  alkali  was  left  to  stand  for  13  days,  after  which  a  small  quantity  (2-3  drops) 
of  2f7o  CuCl2  solution  was  added  to  the  solution  until  a  red  color  clearly  appeared.  As  is  well-known,  the  formation 
of  "red”  copper  complexes  of  the  peptides  precedes  the  formation  of  the  "violet"  complexes  [3,  4].  We  hoped  in 
this  manner  to  isolate  from  the  mixture  of  the  "red"  and  "violet"  complexes  which  is  found  in  gramicidin,  an  in¬ 
dividual  polypeptide  with  an  absorption  maximum;  our  hope  was  realized. 


TABLE  3 

Optical  Density  of  the  Copper  Biuret  Complexes  of  Gramicidin  (ci  During  Standing  with  Alkali  and  the  Addition  of 
Insufficient  Copper,  After  the  Addition  of  Excess  Copper  to  the  solution  with  Cj) 


Wave 

length  (mp) 

c,  and  C2 

Wave 

e  1  and  c  2 

0.9^70  solution 

0.4*70  solution 

length  (mp  ) 

0.9*70  solution 

0.4*70  solution 

450 

0.346 

0.314 

540 

0.673 

0.946 

460 

0.428 

0.404 

550 

0.592 

0.896 

470 

0.520 

0.502 

560 

0.504 

0.832 

480 

0.619 

0.604 

570 

0.413 

0.754 

490 

0.701 

0.714 

580 

0.322 

0.682 

500 

0.771 

0.808 

590 

0.254 

0.602 

510 

0.791 

0.892 

600 

0.191 

0.526 

?15 

0.800 

- 

610 

0.149 

0.454 

520 

0.781 

0.946 

620 

0.116 

0.388 

525 

0  765 

0.956 

630 

0.077 

0.322 

530 

0.733 

0.962 

640 

0.061 

0.294 

535 

0.701 

0.962 

650 

0.054 

0.244 

As  is  evident  from  the  data  of  Table  3,  the  observed  absorption  of  the  copper  complex  of  gramicidin,  Ci. 
proved  to  be  characteristic  for  the  pentapeptide  in  general,  i,e,,  515  mji  .*  in  contrast  to  the  tetrapeptide  and  octa- 
peptide  at  wavelengths  520-525  n^i.  For  this,  we  prepared  a  mixture  of  the  penta-  and  trip)eptides.  from  the  ab¬ 
sorption  spectra  of  which  the  composition  of  the  unknown  mixture  can  be  determined  by  the  position  of  the  maxi¬ 
mum.  Plekhan  showed  the  additivity  of  the  absorption  spectra  for  tetra-  and  tiipeptides  [4]. 

5.  Complex  formation  of  mixtures  of  penta-  and  tripeptides.  Solutions  of  the  biuret  complexes  of  the  pep¬ 
tides  were  prepared  in  the  following  fashion:  61.1  mg  of  the  pentapeptide  dissolved  in  25  ml  of  2f7o  NaOH;  41.2 
mg  of  the  tripeptide  in  25  ml  of  "Zlo  NaOH;  2f7o  CUCI2  solution  was  added  to  the  alkaline  solutions  of  the  peptides 
in  1  ml  portions.  After  1  hour,  the  excess  Cu(OH)2  was  filtered  off  and  the  solution  was  analyzed  spectrophoto- 
metrically.  The  results  of  the  investigation  are  presented  in  Tables  4  and  5. 

It  follows  from  the  data  of  the  spectrophotometric  observations  of  the  individual  complexes  of  this  peptide 
(Fig.  4)  that  any  mixture  of  the  penta-  and  ttipeptide  forms  a  simple  mixture  of  the  complexes  of  these  peptides. 
The  absorption  maxima  for  various  mixtures  of  the  tri-  and  pentapeptide  are  presented  in  Table  4.  It  follows  from 
this  summary  table  that  the  absorption  maximum  of  solutions  of  the  copper  complexes  of  a  mixture  of  50^0  of  the 
penta-  and  50‘7o  of  the  tripeptide  lies  at  a  wavelength  of  542.5  mp ,  which  corresponds  to  the  aritiimetical  mean  of 
the  values  of  the  maxima  of  these  individual  peptides. 

If  the  percentage  content  of  the  tri-  and  pentapeptide  in  the  mixture  is  plotted  on  the  abscissa  axis  while 
the  wavelength  characteristic  of  the  maximum  absorption  of  the  corresponding  mixture  is  plotted  on  the  ordinate 
axis,  then  a  curve  expressing  the  relationship  cf  tlese  quantities  can  be  obtained  (Fig.  4).  By  analyzing  the  curves 
of  this  mixture  (Fig.  5)  and  comparing  them  with  the  curves  of  gramicidin  (Figs.  6,  7  and  8),  one  can  set  up  a 
certain  representation  of  the  decomposition  of  gramicidin  as  a  function  of  time.  The  absorption  maximum  of 

•  Further  addition  of  copper  to  the  solution  withe  1  until  a  hydrate  formed  caused  a  displacement  of  the  absorption 
maximum  to  535  mp  (62). 


TABLE  4 


Composition  of  the  Mixtures  of  Peptides 


Ratio  of  penta 
peptide  to  tri- 
_ pentapeptide  tripeptide  peptide  {^o) 

I  9  1  90:10 

II  7  3  70:30 

ms  5  50:50 

IV  3  7  30:70 

V  2  8  20:80 

VI  1  9  10:90 

VII  10  -  100:0 

VIII  -  10  0:100 


o  20  40  eo  do  100 

TT?lT»£PriJ>E  % 

I — I  i  »  .J-.i.  1  / _ ■  ■  I 

KX)  ao  AO  20  o 

PENTW  Yo 

Fig.  4.  Relationship  between  the  content  of  penta- 
and  tripeptides  and  the  absorption  maximum. 
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^  t  Fig.  5.  Spectrophotometric  curves  of  the  copper  biuret  com- 

^  j  plexes  of  mixtures  of  the  peptides  (0.01  M  solutions).  1)  70^o 

/yT  !  penta-  and  30^0  tripeptide;  2)  90^o  penta-  and  lO^o  tripeptide; 

j  penta-  and  50^o  tripeptide;  4)  30%  penta  -  and  70%  tri- 

^  peptide;  5)  20%  penta-  and  80%  tripeptide;  6)  10%  penta-  and 

oL.  .  .  .  .  J  .  . . 90%  tripeptide. 

4SD  Ado  530  570  610  €50  €90  730 

AmjjL 

the  copper  complex  of  gramicidin  lies  at  a  wavelength  of 
Fig.  6.  Spectrophotometric  curves  of  the  copper  535  mp  .  According  to  the  curve  for  the  artificial  mixture, 
biuret  complexes.  1)  0.4%  solution  of  gramicidin  this  maximum  corresponds  with  the  maximum  absorption  by 

(after  standing  for  24  hours  with  Cu(OH)2;;2)  a  a  solution  of  the  copper  complexes  of  a  mixture  of  62%  of 

mixture  of  30%  pentapeptide  and  70%  tripeptide.  the  pentapeptide  and  38%  of  the  tripeptide.  Thus,  by  analyz¬ 
ing  these  curves,  we  have  been  able  to  verify  the  conversion 
of  the  "violet”  copper  complex  into  the  "red”  complex,  or 
in  other  words,  the  profoundness  of  the  isomerization  of 
gramicidin. 

6.  Regeneration  of  gramicidin  from  the  copper  biuret  complex,  a)  Preparation  of  the  biuret  solution  of 


ramicidin  for  regenerating  gramicidin  from  it.  A  solution  of  the  copper  biuret  complex  was  prepared  in  the  usual 
way  from  1.6520  g  of  gramicidin,  and,  after  it  had  stood  for  7  days  (absorption  maximum  550  mp  ),  15  ml  of  alco¬ 
holic  alkali  containing  2  g  of  NaOH  was  added  to  it.  3  days  after  the  addition  of  the  alkali,  the  copper  complex 
was  investigated;  the  copper  was  determined  specttophotometrically  and  quantitatively.  The  absorption  maximum 
of  diis  solution  at  a  wavelength  of  535  mji ,  and  the  ratio  of  copper  to  the  substance  of  1: 1  were  constant  for  the 
final  state  of  gramicidin  in  the  copper  complex.  After  the  constants  enumerated  above  had  been  reached,  we  pro¬ 
ceeded  to  the  regeneration  of  the  gramicidin  from  the  complex. 
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TABLE  5 


Magnitudes  of  the  Optical  Densities  c  of  the  Copper  Biuret  Complexes  of  Various  Mixtures  of  Penta-  and  Tripep¬ 
tides  (the  percentage  contents  in  the  mixtures  of  the  penta-  and  tripeptides  are  set  forth  in  Table  4) 


Wave 

Optical  density 

length 

Sequence  No. 

(mp) 

il 

'll  Ill 

IV 

V 

VI 

VII  . 

vm 

460 

0.369 

0.346 

0.286 

0.227 

0.196 

0.182 

0.456 

0.142 

470 

0.473 

0.446 

0.368 

0.290 

0.252 

0.228 

0.576 

0.176 

480 

0  573 

0.545 

0.451 

0.352 

0.306 

0.276 

0.678 

0.210 

490 

0.663 

0.628 

0.521 

0.408 

0.361 

0.323 

0.768 

0.246 

500 

0.726 

0.702 

0.583 

0.462 

0.411 

0.371 

0.846 

0.284 

510 

0.764 

0.747 

0,632 

0.512 

0.449 

0.416 

0.876 

0.331 

515 

0.772 

0.761 

0.642 

0.531 

- 

0.888 

520 

0.775 

0.771 

0.657 

0.548 

0.502 

0.463 

0.882 

0.377 

525 

0.763 

0.770 

0.668 

0.558 

- 

- 

- 

* 

530 

0.753 

0.772 

0.673 

0.572 

0.541 

0.506 

0.846 

0.431 

535 

0.741 

0.762 

0,678 

0.583 

- 

— 

- 

540 

0.717 

0.755 

0.S79 

0.593 

0.564 

0.543 

0.798 

0.471 

545 

0  690 

0.733 

0.679 

0.593 

- 

0.562 

- 

550 

0.670 

0.721 

0.661 

0.602 

0.588 

0.576 

0.744 

0.509 

560 

0.612 

0.675 

0  637 

0.602 

0.598* 

0.592 

0.672 

0.542 

570 

0.556 

0.631 

0.612 

0.591 

0.593 

0.601** 

0.612 

0.556 

575 

- 

- 

~ 

- 

- 

- 

0.556 

580 

0.503 

0.582 

0,576 

0.532 

0.579 

0.592 

0.546 

0.554 

590 

0.443 

0.528 

0.539 

0.544 

0.561 

0.580 

0.418 

0.552 

600 

0.397 

0.482 

0.497 

0.515 

0.532 

0.552 

0.444 

0.518 

610 

0.355 

0.437 

0.455 

0.473 

0.498 

0.520 

0.396 

0.496 

620 

0.317 

0.394 

0.410 

0.431 

0.460 

0.478 

0.360 

0.459 

630 

0.267 

0.335 

0.351 

0.378 

0.403 

0.421 

0.276 

0.413 

640 

0.242 

0.298 

0.312 

0.334 

0.361 

0.366 

0.258 

0.375 

650 

0.215 

0.263 

0.270 

0.287 

0.311 

0.331 

0.216 

0.322 

660 

0.187 

0.228 

0.232 

0.244 

0.263 

0.272 

0.186 

0.281 

670 

0.164 

0.197 

0.196 

0.203 

0.222 

0.227 

0.161 

0.242 

680 

0.146 

0.171 

0.164 

0.168 

0.183 

0.188 

0.152 

0.202 

690 

0.126 

0.144 

0.135 

0.139 

0.151 

0.154 

0.141 

0.166 

700 

0.108 

0.123 

0,112 

0.114 

0.127 

0.127 

0.129 

0.142 

710 

0.093 

0.104 

0.092 

0.091 

0.104 

0.103 

0.108 

0.115 

720 

0.081 

0.087 

0.074 

0.074 

0.083 

0.068 

0.091 

0.094 

730 

0.070 

0.074 

0.061 

0.058 

0.066 

0.066 

0.083 

0.076 

740 

- 

- 

— 

- 

0.055 

0.054 

- 

0.064 

750 

- 

- 

- 

- 

0.045 

0.044 

- 

0.052 

b)  Regeneration  of  gramicidin  from  the  copper  biuret  complex.  After  it  had  stood  for  10  days  with  Cu(OH)2, 
and  the  maximum,  which  proved  to  be  equal  to  535  mp ,  had  been  determined,  the  solution  was  centrifuged  and 
poured  off  from  the  precipitate  of  Cu(OH)2  187o  hydrochloric  acid  was  added  to  the  transparent  solution  of  the  cop¬ 
per  biuret  complex  of  gramicidin  until  the  complex  was  decomposed.  The  predipitate  which  thereupon  settled  out 
consisted  of  needles  under  the  microscope.  The  precipitate  was  diluted  with  water,  centrifuged,  washed  three  times 
with  50  ml  (150  ml  in  all)  of  APjo  hydrochloric  acid  and  placed  for  drying  in  a  desiccator  overNaOH  and  CdCl2. 

c)  Investigation  by  means  of  the  biuret  reaction  of  the  regenerated  gramicidin.  0.8180  g  of  the  regenera¬ 
ted  gramicidin  was  dissolved  in  30  ml  of  alcohol  and  30  ml  of  a  4*^0  alcoholic  alkali  solution,  and  3  ml  of  a 
I^Pjo  alcoholic  solution  of  CUCI2  was  added.  The  solution  was  stirred  on  a  rocking  device  for  3  hours.  The  pre¬ 
cipitate  of  cupric  hydroxide  was  then  centrifuged,  and  the  colored  solution  of  the  biuret  complex  of  regenerated 


•  565  mp  =  0.598. 

••  565  mp  =  0.601. 
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TABLE  6 


Magnitudes  of  the  Optical  Densities  c  of  Solutions  of  the  Copper  Biuret  Complexes  of  Initial  and  Regenerated 
Gramicidin 


Initial 

Regenerated 

concentration  (^o) 

1.3 

1.3  . 

0.6 

0.6 

0.6 

0.3 

duration 

of  standing  with  Cu(OH)2 

3  hours 

2  days 

6  days 

12  days 

500 

0.463 

m 

0.427 

0.436 

0.631 

0.593 

510 

0.549 

0.492 

0.499 

0.721 

0.678 

520 

0.623 

0.558 

0.581 

0.796 

0.739 

530 

0.706 

1.09 

0.633 

0.841 

0.743 

535 

0.716 

1.11 

- 

- 

0.853 

0.758 

540 

0.720 

0.681 

0.853 

0.743 

550 

0.725 

1.04 

0.739 

0.688 

0.830 

0.718 

560 

0.716 

0.753 

0.688 

0.790 

0.651 

570 

0.692 

0.758 

0.658 

0.725 

0.571 

575 

— 

- 

0.758 

0.641 

— 

- 

580 

0.659 

0.785 

0.726 

0.628 

0.656 

0.492 

590 

0.601 

0.691 

0.584 

0.571 

0.418 

600 

0.537 

0.572 

0.642 

0.536 

0.500 

0.344 

TABLE  7  TABLE  8 


Copper  Numbers  and  Absorption  Maxima  of  the  Copper  Biuret  Complexes 
of  Initial  and  Regenerated  Gramicidin  as  a  Function  of  the  Duration  of 
Standing  with  Cu(OH)2 


Duration  of  standing  of  the 

Amt.  of  gramicidin’Ratio  of  copper 

^max. 

copper  complex  with  Cu(OH)j 

'  bound  per  mole  of 

to  the  substance 

(mfi) 

copper (g) 

(moles) 

Initial 

7  days . ' 

i  752.1 

It  1.2 

550 

10  days . 

668 

1:1 

535 

Regenerated* 

3  hours . 

1.427 

2:1 

570^75 

2  days . 

682 

1:1 

550 

6  days . 

676 

1:1 

535 

12  days . 

710 

1:1 

535 

Wave 

length 

(mji) 

Magnitude  of  the  optical  den¬ 
sity  €  of  an  0.13^0  solution  of 
the  copper  biuret  complex  of 
the  reduced  gramicidin 

500 

0.468 

510 

0.499 

520 

0.525 

530 

0.530 

535 

0.532 

540 

0.528 

550 

0.510 

560 

0.479 

570 

0.448 

580 

0.410 

590 

0.374 

600 

0.338 

gramicidin  was  investigated  for  its  quantitative  content  of  copper  as  well  as  spectrophotometrically.  The  results 
of  the  determinations  of  copper  and  the  spectrophotometric  observations  on  the  solutions  of  the  copper  biuret  com¬ 
plexes  of  native  and  regenerated  gramicidin  are  presented  in  Tables  6  and  7. 

For  the  structure  of  gramicidin  proposed  by  us.  after  the  electroreduction,  the  presence  in  the  solution  of  the 
tripeptide,  valylornithylleucine,  with  an  absorption  maximum  of  the  copper  biuret  complex  at  a  wave  length  of 
570-575  rr^i ,  was  to  have  been  expected.  After  the  electroreduction  of  the  gramicidin,  the  solution  formed  a  cop¬ 
per  biuret  complex  with  an  absorption  maximum  at  a  wavelength  of  535  m/i .  which  corresponds  with  the  absorp¬ 
tion  maximum  of  a  complex  which  includes  four  nitrogen  atoms.  This  phenomenon  can  be  treated  as  rupture  of 
the  amidine  bond  in  the  electroreduction  process,  with  the  tripeptide  which  is  cleaved  remaining  still  bound  to 
the  nitrogen  of  die  piperazine  ring  and  capable  of  forming  a  complex  with  copper  with  all  four  nitrogen  atoms 
(three  tripeptide  nitrogen  atoms  and  one  nitrogen  atom  in  the  piperazine  ring)  (Table  8  and  Scheme  2). 


•  The  gramicidin  isolated  contained  8.6^0  of  moisture  which  was  equivalent  to  approximately  3  molecules  of  water 
(mol.  wt.  643). 
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The  process  of  formation  of  the  copper  biuret  complexes  of  gramicidin  does  not  proceed  at  once,  but  takes 
time,  and  is  considerably  facilitated  by  mechanical  agitation  of  thesolutbnon  a  rocking  device.  The  complex- 
formation  of  gramicidin  is  accelerated  by  increasing  the  concentration  of  alkali  in  die  solution  and  by  adding  a 
sufficient  quantity  of  alcohol,  which  facilitates  the  dissolving  of  gramicidin.  This  is  evident  from  Tables  9  and  10. 


Amp. 


Fig.  8.  Spectrophotometric  curves  of  the  copper  biuret 
complexes.  1)  0.29’Jo  solution  of  gramicidin  (after  stand 
ing  41  hours  with  l(f}o  NaOH);  2)  mixture  of  IQPjo  penta- 
peptide  and  30^  tripeptide. 


Fig.  7.  Spectrophotometric  curves  of  the  copper  biuret  »  r  i.  j  i- 

^  ,  ,.  r  .  It  follows  from  the  data  of  Table  10  that,  as  a 

complexes.  1)  0.47o  solution  of  gramicidin  (after  stand-  ,  r  ,  r  .  .j.  •  . 

^  .  .  result  of  the  action  of  alkali  on  gramicidin  neither  in 

mg  for  48  hours);  2)  a  mixture  of  507^  pentapeptide  and  ,  ,  ■  •  u  j  j 

^  °  ,  r  r  r  presence  of  copper  nor  in  its  absence  does  decomposi- 

50<yo  tripeptide.  -  r,.  • 

tion  of  the  molecules  into  the  constituent  parts,  the  amino 

acids  or  peptides,  occur,  but,  rather,  intramolecular  re¬ 
arrangement  takes  place.  This  rearrangement  causes,  in  the  formation  of  the  copper  complex,  the  use,  in  addition 
to  the  3  nitrogen  atoms  which  are  included  in  the  tripeptide,  of  the  fourth  nitrogen  atom  of  the  piperazine  ring.  As 
is  evident  from  the  table,  the  rate  of  the  rearrangement  depends  on  the  concentration  of  alkali  and  the  duration  of 
the  action.  Thus,  2.5^o  alkali  does  not  completely  succeed  in  completing  this  rearrangement  after  9  days,  as  is 
indicated  by  the  copper  number  which  is  equal  to  713.5,  while  3.5f7o  alkali  completes  the  rearrangement  in  a 
shorter  time  (7  days).  The  action  of  10%  alkali  on  gramicidin  completes  the  intramolecular  rearrangement  after 
a  still  shorter  period  (2  days). 


DISCUSSION  OF  RESULTS 

The  presence  in  the  gramicidin  molecule  of  cyclic  bonds  was  demonstrated  in  the  preceding  article  [1]  by 
the  method  of  electroreduction.  The  hydrolysis  of  reduced  and  unreduced  gramicidin  leads,  according  to  a  Van 
Slyke  amine  nitrogen  determination,  to  the  loss  of  1  nitrogen  atom  occurring  in  a  ring.  This  can  only  occur  if 
the  ring  nitrogen  is  a  prbline  nitrogen.  The  analysis  of  the  interchange  of  amino  acids  performed  by  Singe  and 
his  coworkers  showed  the  presence  of  a  bond  between  proline  and  phenylalanine. 

Numerous  authors  have  isolated  anhydrides  consisting  of  proline  and  phenylalanine  from  the  molecule  of 
the  initial  proteins,  which  indicates  the  great  probability  of  the  formation  of  a  cyclic  bond  between  these  two  amino 
acids.  It  is,  therefore,  most  probable  to  assume  that  there  is  a  ring,  consisting  of  phenylalanine  and  proline,  in  the 
gramicidin  molecule,  which  is  joined  with  the  tripeptide.  The  sequence  of  aminoacids.  established  for  gramicidin 
indicates  that  the  composition  of  the  tripeptide  is  valylornithylleucine.  In  the  dimer  of  gramicidin,  one  of  the  tri¬ 
peptides,  according  to  our  hypothesis,  is  joined  with  the  piperazine  ring  by  its  carboxylic  group  at  leucine,  i.e.,  by 
an  aminoacyl  bond;  while  the  amine  group  of  valine  of  the  second  tripeptide  has  an  amidine-like  bond  with  the 
second  phenylalanylprolinic  diketopiperazine. 

Thus,  the  dimeric  structure  of  gramicidin  C  has  the  form  presented  In  Scheme  2.  As  is  evident  from  the 
scheme,  the  amidine  bond  is  ruptured  by  electroreduction,  and  a  trimethylenebenzylpiperazine,  joined  by  an  amide 
linkage  with  the  leucine  of  the  valylornithylleucine.  is  formed.  The  absorption  spectrum  of  the  copper  complex 
in  the  thus-produced  piperazine  tripeptide  will  be  found  in  the  515-535  m|i  range.  The  compound  can  only  exist 
in  the  first  structural  form  (Scheme  3)  in  alkaline  medium.  When  the  solution  of  the  copper  biuret  complex  of 
gramicidin  is  acidified,  it  is  instantanebusly  converted  into  its  tautomeric  form,  in  which  both  acyl  groups.  i,e,. 
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Scheme  2 
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TABLE  9 


Change  in  the  Optical  Density  c  as  a  Function  of  the  Duration  of 
Standing  of  0.4*70  Solutions  of  the  Copper  Biuret  Complexes  of 
Gramicidin  with  CufOHlj 


Wave 

length  (mp) 

Optical  density  during 

prolonged  standing  with  Cu(OH)i 

1  hour 

3  hours 

4’ hours 

8  hours 

24  hours 

500 

0.331 

0.351 

0.364 

0.384 

0.520 

510 

0.403 

0.425 

0.441 

0.463 

0.612 

520 

0.472 

0.498 

0.518 

0.544 

0.707 

530 

0.543 

0.584 

0.582 

0.641 

0.793 

540 

0.605 

0.635 

0.656 

0.718 

0.854 

550 

0.649 

0.703 

0.713 

0.777 

0.896 

560 

0.683 

0.718 

0.745 

0.805 

0.901 

565 

- 

— 

- 

_ 

0.903 

S70 

0.690 

0.728 

0,755 

0.823 

0.896 

575 

0.S90 

0.728 

0.755 

0.812 

- 

580 

0.680 

0.713 

0.736 

0.812 

0.864 

590 

0.651 

0.687 

0.712 

0.768 

0.818 

600 

0.606 

0.636 

0.678 

0.721 

0.751 

TABLE  10 


the  tripeptides,  migrate  from  the  nitrogen  of 
the  piperazine  ring  to  the  exo -position  of  the 
amidine  group. 

The  action  of  alkali  in  the  absence  or 
in  the  presence  of  copper  shows  that  the  ini¬ 
tial  gramicidin  C  is  a  tautomeric  system 
(Scheme  3).  This  is  confirmed  by  the  follow¬ 
ing:  1)  the  appearance  of  the  tripeptide  spec¬ 
trum  of  the  biuret  complex  in  alkaline  med¬ 
ium  (the  slowness  of  the  formation  of  the  cop¬ 
per  complex  must  be  noted);  2)  the  rearrange¬ 
ment  process  proceeds  more  rapidly  in  an 
alkaline  medium  without  copper  than  in  the 
presence  of  copper  and  a  weaker  concentra¬ 
tion  of  alkali.  In  the  end,  it  leads  to  the  for¬ 
mation  of  the  "red"  copper  complex  with  an 
absorption  maximum  at  a  wavelength  of  515 
mp . 

The  absorption  maximum  at  a  wave^r 
length  of  535  mjr  characterizes  an  equilibrium 


Copper  Numbers  and  Absorption  Maxima  of  Solutions  of  the  Copper  Biuret  Complexes  of  Gramicidin  as  a  Function 
of  the  Duration  of  Standing  with  Cu(OH)2  and  of  the  Concentration  of  Alkali* 


Duration  of  standing  of  the 
complex  with  Cu(OH)5! 

Concentration  of 
alkali  (*yo) 

Gramicidin  bound  pet 
mole  of  copper  (g) 

Ratio  of  copper  to 
substance  (moles) 

^max. 

(mp) 

1  hour . 

r 

1.343 

1:2.08 

570-575 

3  hours . 

1.124 

1:1.75 

570-575 

4  hours . 

^  1.5  1 

1.045 

1:1.64 

570-575 

8  hours . 

885.7 

1:1.37 

570 

24  hours . 

824.1 

1:1.28 

565 

24  hours . 

> 

726.8 

1:1.1 

560 

48  hours . 

726.8 

1:1.1 

540-545 

5  days . 

726.8 

1:1.1 

535-540 

7  days . 

I  2  5  ^ 

720.1 

1:1.1 

535 

9  days . 

713.5 

1:1.1 

535 

13  days . 

691.1 

1:1 

535 

7  days . 

1 

686.0 

1:1 

535 

9  days . 

y  3-5  1 

686.0 

1:1 

535 

13  days . 

J 

681.1 

1:1 

f 

535 

Biuret  reaction  of  gramicidin  after  action  of  alkali  alone 


2  days . 

10 

661.8 

1:1 

4  days . 

10 

636.3 

1:1 

mixture  of  the  copper  complexes  with  relative  quantities  of  38*70  of  the  "violet"  and  62*7o  of  the  "red"  complex, 
which  we  established  by  analysis  of  a  solution  subjected  to  the  action  of  alkali  in  the  absence  of  copper,  which 
gave,  upon  addition  of  copper  (insufficient),  the  "red”  complex  with  an  absorption  maximum  at  a  wavelength 
of  515  mp .  This  permitted  us  to  set  up  an  artificial  mixture  of  pentapeptide  with  an  absorption  maximum  at 
515  mp  and  of  tripeptide  with  a  maximum  at  575  mp ,  However,  the  use  as  a  component  source  of  the  "red" 
complex  of  the  pentapeptide  (in  the  artifical  mixture)  does  not  imply  at  all  that  the  appearance  of  this  com- 

•  The  theoretical  copper  number  of  the  gramicidin  salt  was  equal  to  half  its  molecular  weight,  i.e.,  607  +  36  = 
=  643.  The  total  nitrogen  was  13.2ff7o. 


Scheme  3 
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plex  in  gramicidin  is  due  to  opening  of  the  piperazine  ring  widi  formation  of  the  pentapeptide. 

Rearrangement  of  the  tripeptide  (acyl)  from  the  exo-nitrogen  of  the  piperazine -amidine  into  the  endo-posi- 
tion  can  create  a  structure  in  which  the  piperazine  nitrogen,  bound  to  the  tripeptide  is  the  nitrogen  atom  which 
creates  the  conditions  for  the  formation  of  the  ’’red”  complex  (amidic  nitrogen). 

Displacement  of  the  absorption  maximum  toward  the  short  waves  has  been  observed  in  an  amide— tripeptide 
complex  [5]  containing  asparagine. 
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INFLUENCE  OF  THE  NATURE  AND  POSITION  OF  SUBSTITUENTS  IN  THE  BENZENE 


RING  ATTACHED  TO  NITROGEN  ON  THE  CLOSING  OF  THE  F I VE  -  ME  MBE  RE  D 
HETEROCYCLIC  RING  IN  ARYLAMIDES  OF  H  Y  DROX  YC  A  RBOX  YL IC  ACIDS.  XXI. 

P.  A.  Petyunin,  V.  S.  Shklyaev  and  I.  S.  Berdinsky 


The  influence  of  substituents  in  the  phenyl  radicals  attached  to  carbinolic  carbon  on  the  closure  of  a  hetero¬ 
cyclic  ring  in  the  arylamides  of  hydroxycarboxylic  acids  was  elucidated  in  the  preceding  communications  [1,  2]. 

The  influence  of  the  nature  and  position  of  the  substituents  in  the  benzene  nucleus  attached  to  nitrogen  on  the  clo¬ 
sure  of  a  five-membered  heterocyclic  ring  was  studied  in  the  present  work. 

Since,  due  to  the  rapidly  condensing  arylamide  groups,  it  is  practically  impossible  to  detect  the  influence 
of  substituents  in  the  benzene  nucleus  attached  to  nitrogen  on  the  closure  of  a  heterocyclic  ring  [3],  we  have  con¬ 
cerned  ourselves  with  the  arylamides  of  4,4’-dimethoxybenzilic  acid,  since  the  ring  in  them  is  closed  maximally 
slowly  [1].  The  experiments  were  carried  out  according  to  methods  previously  described  [1].  In  setting  up  a  single 
experiment,  we  took  1  ml  of  a  solution  of  0.015  mole  of  the  arylamide  in  1  liter  of  glacial  acetic  acid  and  0.1 
ml  of  concentrated  sulfuric  acid.  The  results  of  the  experiments  are  presented  in  the  table.  The  rate  of  closure 
of  the  five-membered  heterocyclic  ring  in  the  anilide  of  4,4’ -dime thoxybenzilic  acid  (Arylamide  No.  1),  equal 
to  3.5  minutes,  was  taken  as  the  unit. 

Practically  equivalent  electrophile  reaction  centers  were  contained  in  all  the  compounds  set  forth,  since  iden¬ 
tical  substituents  were  found  in  the  phenyl  radicals  near  the  carbinol  atom.  Consequently,  the  difference  in  the 
readiness  of  closure  of  the  five-membered  ring  in  the  arylamides  of  4,4’ -dimethoxybenzilic  acid  can  be  explained 
only  by  differences  in  the  electron  donor  properties  of  the  benzene  nucleus  attached  to  nitrogen. 


TABLE 

Rate  of  Closure  of  the  Five-Membered  Heterocyclic  Ring  in  Arylamides  of  4,4’ -Dimethoxybenzilic  Acid 


Arylamide 

No. 

Formula 

Rate  of  closure  of  the 
ring  at  60° 

1 

C6H5NH-C0-C(0H)(C6H40CH3-p)2 . 

1 

2 

o-CH3C6H4NHCO-C(OH)(CsH40CH8-p)2 . 

0.32 

3 

m-CH3C6H4-NH-C0-C(0H)(C6H40CHs-p)2 . 

2.34 

4 

p-CH3C6H4NH-CO-C(OH)(C6H40CH3-p)2 . 

1.17 

5 

1  o-CH30C6H4NH-CO-C(OH)(C6H40CH3-p)2 . 

0.88 

6 

m  -CHSOC6H4NH  -CO  -C(OH)  (C6H40CH3-p)2 . 

3.5 

7 

p-CH30C6H4NH-CO-C(OH)(CeH40CH3-p)2 . 

1.75 

8 

p-ClC6H4NH-CO-C(OH)(C6H40CH3-p)2 . 

0.06 

9 

p-BrC5H4NH-C0-C(0H)(C6H40CH3-{))2 . 

0.12 

10 

p-IC6H4NH-C0-C(0H)(CgH40CH3-p)2 . 

0.17 

11 

P-(CH3)2NC6H4NH-CO-C(OH)(C6H40CH3-p)2 . 

Did  not  close 

The  influence  of  the  nature  of  the  substituents  on  the  closure  of  the  ring  is  evident  in  the  cases  of  condensa¬ 
tion  of  arylamides  Nos.  1,  4,  7,  8,  9,  10  and  11.  The  rate  ofring  closure  is  increased  by  the  introduction  of  elec¬ 
tron  donor  substituents  (Arylamides  Nos.  4  and  7).  Under  the  influence  of  halogens  attached  to  nitrogen  (Arylam¬ 
ides  Nos.  8,  9  and  10),  the  benzene  nucleus  is  deactivated,  and  the  rate  of  cyclization  is  lowered  by  6-15  times. 

The  unsuccessful  attempt  to  close  the  heterocyclic  ring  in  Arylamide  No.  11  is  to  be  explained  by  the  mani¬ 
festation  of  a  strong  deactivating  effect  on  the  part  of  the  electron  acceptor  (CH3)2l4H  group.  The  formation  of  the 
latter  is  quite  probable,  since  the  condensation  proceeded  with  the  aid  of  sulfuric  acid.  However,  in  the  p-dimethyl- 
aminoanilide  of  benzilic  acid,  the  halochromic  salt  of  which  contains  a  more  electrophilic  carbonium  carbon,  die 
heterocyclic  ring  is  closed  rather  readily  [4]. 
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From  the  point  of  view  of  the  position  of  the  substituents  (Arylamides  Nos.  2-7).  the  rate  of  ring  closure  falls 
in  the  order:  m  >  p  >  o.  In  the  meta -isomers  (Arylamides  Nos.  3  and  6),  the  electron  donor  substituents  increase 
the  electron  density  at  the  loci  of  condensation,  which  facilitates  the  closure  of  the  ring.  In  the  para -isomers 
(Arylamides  Nos.  4  and  7),  the  rate  of  ring  closure  is  diminished,  since  the  orienting  influence  of  the  amidic  nitro¬ 
gen  and  the  substituent  do  not  coincide.  Finally,  in  the  ortho-isomers  (Arylamides  Nos.  2  and  5),  due  to  the  mani¬ 
festation  of  steric  hindrance  on  the  part  of  die  substituent,  the  displacement  of  the  unshared  electron  pair  of  the 
amide  nitrogen  on  the  benzene  nucleus  is  diminished  [5],  which  is  reflected  in  a  considerable  lowering  of  the  rate 
of  ring  closure. 

EXPERIMENTAL 

Ethyl  ester  of  m-methyloxanilic  acid.  17  g  of  m-toluidine  and  29.2  g  of  diethyl  oxalate  were  placed  in  a 
flask  equipped  with  a  fractionating  column  and  a  downward  condenser.  The  contents  of  the  flask  were  heated  on  a 
sand  bath;  under  these  conditions,  8  ml  of  the  reaction  alcohol  (theoretically,  it  should  have  been  9.2  ml)  was  dis¬ 
tilled  off.  Upon  cobling,  the  reaction  mass  was  poured  out  into  50  ml  of  alcohol.  1.5  g  of  the  di-m-toluidide  of 
oxalic  acid  with  a  m.p.  of  127-129*  was  filtered  off.  The  literature  data  give  the  m.p.  as  131"  [6]. 

The  ethyl  ester  of  m-methyloxanilic  acid  was  isolated  by  diluting  the  filtrate  with  water;  the  m.p.  was  60- 
61".  The  yield  was  6  g  (18.37o).  It  was  converted  into  the  well-known  amide  of  m-methyoxanilic  acid  with  a 
m.  p.  of  187-189"  [6]  by  the  action  of  ammonia. 

m-Toluidide  of  4,4’  -dimethoxybenzilic  acid.  4.5  g  of  the  m-methyloxanilic  ester  was  added  to  the  p-anisyl- 
magnesium  iodide  obuined  from  25.7  g  of  p-iodoanisole  and  2.64  g  of  magnesium  in  100  ml  of  ether.  The  reac¬ 
tion  mass  was  heated  for  1  hour  on  a  water  bath  and  decomposed  with  a  saturated  solution  of  ammonium  chloride. 
The  reaction  fnroduct  was  isolated  by  the  usual  method.  It  consisted  of  colorless  needles  (from  alcohol)  with  a 
m.p.  of  142-142.5".  The  yield  was  4  g  (48.37o).  The  product  dissolved  in  alcohol,  ether,  benzene  and  acetic  acid. 

It  gave  a  raspberry -red  color,  with  concentrated  H2SO4,  which  disappeared  upon  prolonged  standing  or  heating. 

0,2486  g  sub.:  13.6  ml  0.05  N  H2SO4.  0.3584  g  sub.:  18.9  ml  0.05  N  H2SO4.  Found  <^0:  N  3.81,  3.67. 

C2JH23O4N.  Calculated ‘7o:  N  3.72. 

p-Toluidide  of  4,4* -dimethoxybenzilic  acid.  The  starting  materials  were  8  g  of  the  ethyl  ester  of  p-methyl- 
oxanilic  acid,  35  g  of  p-iodoanisole  and  3.6  g  of  magnesium.  It  consisted  of  crystals  (from  acetic  acid)  with  a 
m.  p.  of  159.-161".  It  was  quite  soluble  in  glacial  acetic  acid  and  difficultly  soluble  in  benzene,  toluene,  ether  and 
alcohol.  It  formed  a  reddish -violet  color  with  concentrated  H2SO4  which  disappeared  upon  heating.  The  yield  was 
8  g  (56^0). 

0.2044  g  sub.:  10.9  ml  0,05  N  HjSQ*.  0.3140  g  sub.:  15.7  ml  0.05  N  H2SO4,  Found  <70:  N  3.73,  3.51. 

C28H28O4N,  Calculated  °lo-.  N  3. 72. 

o-Toluidide  of  4,4’ -dimethoxybenzilic  acid.  5.6  g  of  o-methyloxanilic  ester.  31.4  g  of  p-iodoanisole  and 
3.24  g  of  magnesium  were  taken  in  the  reaction.  It  consisted  of  plates  (from  alcohol)  with  a  m.p.  of  161-163". 

The  yield  was  10.5  g  (50*7o).  It  was  quite  soluble  in  acetic  acid,  benzene  and  alcohol  and  was  difficultly  soluble 
in  edier  and  gasoline.  It  dissolved  in  concentrated  H2SO4  with  the  formation  of  a  raspberry  color  which  disappeared 
upon  heating  or  prolonged  standing. 

0.2614  g  sub.:  13.9  ml  0.05  N  H2SO4.  0.2264  g  sub.:  11.5  ml  0.05  N  H2SO4.  Found  <7o:  N  3.69,  3.55. 

C28H28O4N.  Calculated ‘yo:  N  3,72. 

p-Chloranilide  of  4,4' -dimethoxybenzilic  acid.  The  p-chloianilide  of  4.4’  -dimethoxybenzilic  acid  was 
preptared  from  5.2  g  of  p-chlorooxanilic  ester,  23.4  g  of  p-iodoanisole  and  2,4  g  of  magnesium.  It  consisted  of 
colorless  crystals  (from  alcohol)  with  a  m.p.  of  124-126".  The  yield  was  4.5  g  (51.9^o).  It  was  quite  soluble  in 
the  OTdinary  organic  solvents.  With  sulfuric  acid,  it  gave  a  raspberry  color,  which  disappeared  on  heating. 

0.2424  g  sub.:  12.3  ml  0.05  N  H2SO4.  0.2149  g  sub.:  11  ml  0.05  N  H2SO4.  Found  «7o:  N  3.56,  3.58. 

C22H2,04NC1.  Calculated  <7o:  N  3.53. 

p-Bromoanilide  of  4,4* -dimethoxybenzilic  acid.  The  starting  materials  were  6.9  g  of  p-bromooxanilic  es¬ 
ter,  23.4  g  of  p-iodoanisole  and  2.4  g  of  magnesium.  It  consisted  of  lentil -shaped  crystals  (from  807o  acetic  acid) 
with  a  m.p.  of  112-114".  The  yield  was  7  g  (62.97o).  It  was  soluble  in  alcohol,  acetic  acid,  toluene  and  ether  and 

was  difficultly  soluble  in  gasoline.  The  solution  in  sulfuric  acid  was  raspberry  colored  and  was  decolorized  on  heat¬ 

ing. 
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0.2125  g  sub.:  9.24  ml  0.05  N  H2S04.  0.2610  g  sub.:  11.05  ml  0.05  N  H2SO4.  Found  %  N  3.05.  2.96. 

^22^2oP4NBr.  Calculated  °Jo':  N  3. 17. 

p-Iodoanilide  of  4,4’  -dimethoxybcnzilic  acid.  The  reaction  was  carried  out  between  p-anisylmagnesium 
iodide  obtained  from  23.4  g  of  p-iodoanisole,  2.4  g  of  magnesium  in  100  ml  of  ether,  and  7,2  g  of  p-iodooxanilic 
ester.  It  consisted  of  plates  (from  alcohol)  witli  a  m.p.  of  127.5-130.5°.  The  yield  was  5  g  (45.4^o).  It  was  quite 
soluble  in  ether,  benzene  and  acetic  acid.and  difficultly  soluble  in  gasoline.  With  concentrated  H2SO4  it  formed  a 
raspberry  color,  which  disappeared  on  heating. 

0.3111  g  sub.:  13.8  ml  0.05  N  H2SO4.  0.2382  g  sub.*.  10.4  ml  0.05  N  H2SO4.  Found  N  3.1,  3.07. 

C22H2o04NI.  Calculated  *70:  N  2.86. 

p-Dimethylaminoanilide  of  4,4*  dimethoxybenzilic  acid.  7  g  of  p-dirnethylaminooxanilic  ester,  28.1  g 
of  p-iodoanisole  and  2.9  g  of  magnesium  were  taken  in  the  reaction.  It  consisted  of  plates  (from  alcohol)  with  a 
m.p.  of  165-166°.  The  yield  was  6  g  (50^o).  It  was  soluble  in  acetic  acid,  alcohol  and  toluene, and  difficultly 
soluble  in  ether.  With  concentrated  H2SO4.  it  gave  a  stable  raspberry  color,  which  did  not  disappear  upon  heating. 

0.2801  g  sub.:  27.6  ml  0.05  N  H2SO4.  0.1930  g  sub.:  19.3  ml  0.05  N  H2SO4.  Found  <7o:  N  6.9,  7.0. 

C24H26O4N2.  Calculated  ^0:  N  6.88. 

p-Anisldide  of  4,4' -dimethoxybenzilic  acid.  The  starting  materials  were  29.3  g  of  p-iodoanisole,  3  g  of 
magnesium  and  5.6  g  of  p-methoxyoxanilic  ester.  It  consisted  of  needles  (from  toluene)  with  a  m.p.  of  99-101°. 
The  yield  was  6;  3  g  (64*70).  With  concentrated  H2SO4,  it  gave  a  raspberry  color,  which  disappeared  on  heating. 

0.266  g  sub.:  13.3  ml  0.05  N  H2SO4.  0.2068  g  sub.:  10.6  ml  0.05  N  H2S04.  Found  <1o-.  N  3.5,  3.58. 

C28H2JO5N.  Calculated  <^o:  N  3. 56. 

m-Anisidide  of  4,4’ -dimethoxybenzilic  acid.  5  g  of  m-methoxyoxanilic  ester,  25.4  g  of  p-iodoanisole  and 
2.64  g  of  magnesium  were  taken  in  the  reaction.  It  consisted  of  plates  (from  benzene)  with  a  m.p.  of  120-121° 
(with  decomposition).  The  substance  melted  on  heating  and  then  solidified  anew  and  again  melted  at  200°.  The 
yield  was  4.7  g  {51.3lo).  It  was  soluble  in  alcohol,  acetic  acid  and  benzene.  It  gave  a  disappearing  raspberry  color 
with  concentrated  H2SO4. 

0.2146  g  sub.:  10.4  ml  0.05  N  H2SO4.  0.1886  g  sub.:  10.1  ml  0.05  N  H2SO4.  Found  <7«  N  3.38,  3.73. 
C23H2sC^N.  Calculated  *70:  N  3.56. 

3, 3  -Bis(4  -methoxyphenyl) -5  -methyloxindole.  3  ml  of  concentrated  H2SO4  was  added  to  a  solution  of  4  g 
of  the  p-toluidide  of  4.4’ -dimethoxybenzilic  acid  in  20  ml  of  glacial  acetic  acid.  The  reaction  mass  was  heated 
on  a  water  bath  (60-70°)  until  the  raspberry  color  disappeared  and,  after  cooling,  was  poured  out  into  50  ml  of 
water.  It  consisted  of  tods  collected  in  nodules  (from  benzene  +  gasoline),  m.p.  188-189°.  The  yield  was  3  g 
(78.5f7o). 

0.2035  g  sub.:  11.2  ml  0.05  N  H2SO4.  Found  *70:  N  3.82.  C23H21O3N.  Calculated ‘7«  N  3.90, 

3. 3 - Bis -(4-methoxyphenyl)-5-methoxindole.  The  starting  materials  were  4  g  of  the  p-anisidide  of  4,4’ -di¬ 
methoxybenzilic  acid  dissolved  in  15  ml  of  glacial  acetic  acid,  and  3  ml  of  concentrated  H2SO4.  It  consisted  of 
octahedra  (from  alcohol)  with  a  m.p.  of  221.5-222°.  The  yield  was  2.6  g  (68*70). 

0.2342  g  sub.:  12.9  ml  0.05  N  H2SO4.  Found  *7o:  N  3.84.  C23H21O4N.  Calculated  <7c:  N  3.74. 

3. 3 - Bis -(4 -methoxyphenyl) -5 -bromooxindole.  3,3-Bis-(4-methoxyphenyl)-5-bromooxindole  was  prepared 
by  adding  3  ml  of  concentrated  H2SO4  to  a  solution  of  3  g  of  the  p-bromoanilide  of  4,4’ -dimethoxybenzilic  acid 
in  15  ml  of  glacial  acetic  acid.  It  consisted  of  plates  (from  toluene)  with  a  m.p.  of  214-215°,  1.9  g  (66,l*7o)  was 
obtained. 


0.1665  g  sub.:  7.8  ml  0.05  N  H2SO4.  0.1713  g  sub.:  7.7  ml  0.05  N  H2SO4.  Found  *70:  N  3.18,  3,14. 
C22Hj303NBr.  Calculated  *7o;  N  3.30. 

3, 3 -Bis -(4 - methoxyi^enyl) -5 -iodooxindole.  3.5  g  of  the  p-iodoanilide  of  4,4’ -dimethoxybenzilic  acid  and 
3  ml  of  concentrated  H2SO4  were  taken  in  the  reaction.  It  consisted  of  lentil -shaped  crystals  (from  alcohol)  with 
a  m.p.  of  221-222°.  The  yield  was  2.9  g  (86.2f7o). 

0.1538  g  sub.:  6  ml  0.05  N  H2SO4.  0.3261  g  sub.:  14  ml  0.05  N  H2SO4.  Found  *7o:  N  2.73,  3.00.  CjjHjgOjNI, 
Calculated  *7o:  N  2.97. 


3.3- Bi5-(4-methoxyt^enyl)-7-tne  Jiyloxindole.  The  starting  materials  were  2  g  of  tlie  o-toluidide  of  4.4’ -di¬ 
me  thoxybenzilic  acid  and  2  ml  of  concentrated  H2SO4.  It  consisted  of  prisms  (from  glacial  acetic  acid)  with  a 
m,p,  of  240-242*.  The  yield  was  1.2  g  (637o). 

0.1229  g  sub.:  6.5  ml  0.05  N  H2SO4.  0.1500  g  sub.:  8.4  ml  0.05  N  H2SO4.  Found  %  N  3.70.  3.92. 

C23H21O3N.  Calculated  ‘7o:  N  3.90. 

3.3 - Bis -(4 -methoxyphenyl)-5 -chlorooxindole.  3.3-Bis-(4-methoxyphenyl)-5-chlorooxindole  was  prepared 
by  the  intramolecular  condensation  of  0.8  g  of  the  p-chloroanilide  of  4.4’ -dimethoxybenzilic  acid  with  the  aid 
of  0.5  ml  of  concentrated  H2SO4.  It  consisted  of  rods  (from  toluene)  with  a  m.p.  of  197.5-198*.  The  yield  was 
0.45  g  (59^0). 

0.1520  g  sub.:  8  ml  0.05  N  H2SO4.  Found  «7o:  N  3.68.  C22Hi803NCl.  Calculated  <yo:  N  3.70. 

SUMMARY 

1.  The  influence  of  the  nature  and  position  of  the  substituents  attached  to  nitrogen  in  the  benzene  nucleus. 

on  the  closure  of  the  five-membered  heterocyclic  ring  in  the  arylamides  of  4.4’ -dimethoxybenzilic  acid  was  studied; 
it  was  established  under  these  conditions  that  the  rate  of  ring  closure  under  the  influence  of  the  various  substituents 
diminishes  in  the  follovring  order:  CH3O  >  CH3  >  I  >  Br  >  Cl  >  (CH3)2^jH. 

Depending  on  the  position  of  the  substituents,  the  rate  of  condensation  falls  in  the  sequence:  m  >  p  >  o. 

2.  A  number  of  the  arylamides  of  4.4’ -dimethoxybenzilic  acid,  which  were  derived  from  3.3-bis-(4-meth- 
oxyphcnyl)-oxindole  and  which  had  not  been  described  in  the  literature,  were  prepared  and  their  properties  studied. 

LITERATURE  CITED 

[1]  P.  A.  Petyunin  and  V.  S.  Shkiyaev,  J.  Gen.  Chem..  23.  1664  (1953).  (T.p.  1427).* 

[2]  P.  A.  Petyunin  and  V.  S.  Shkiyaev.  J.  Gen.  Chem.,  23.  853(1953).  (T.p.  893).* 

[3]  P.  A.  Petyunin  and  I.  S.  Berdinsky,  J.  Gen.  Chem..  21,  1862  (1951), (T.p.  1859).* 

[4]  P.  A.  PetyUnin  and  I.  S.  Berdinsky,  J.  Gen.  Chem..  21,  1709  (1951).  (T.p.  1703).* 

[5]  A.  I.  Kiprianov,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.,  492(1950). 

[6]  Beilstein.  XII,  861. 

Received  January  3,  1954  Molotov  Pharmaceutical  Institute 


•  T.p.  »  Consultants  Bureau  Translation  pagination. 


RHODANO -SUBSTITUTED  ( I  SOT  H  IOC  Y  A  N  A  T  E -S  U  B  S  TIT  U  TE  D  )  SILANES 


M.  G.  Voronkov  and  B.  N.  Dolgov 


Rhodano-substituted  silanes  were  prepared  for  the  first  time  as  early  as  1877  by  Miquel  [1],  who  prepared  tetra- 
rhodanosil.tne  by  tlie  reaction  of  silicon  tetrachloride  with  lead  thiocyanate.  This  author  ascribed  the  struc¬ 
ture  of  tetratiiiocyanatosilane  to  thettetrarhodanosilane.  Reynolds  [2]  subsequently  prepared  tetrarhodanosilane  by 
this  method  and  studied  certain  of  its  properties  and  transformations.  He  also  considered  that  this  compound  had 
the  tetrathiocyanatosilane  SifSCN)^  structure. 

Anderson,  in  a  number  of  his  works  [3-11],  described  the  synthesis  of  many  rhodano-substituted  silanes  of 
the  RnSi(NCS)4_n  type,  where  the  R-alkyl  is  phenyl,  chlorine  or  an  alkoxy  group  and  n  =  1.-3.  The  general  method 
of  preparing  these  compounds  which  Anderson  used  was  based  on  the  exchange  reaction  of  the  corresponding  chloro- 
silanes  RnSiCl4.n  with  silver  thiocyanate.  In  his  first  works.  Anderson  [3-5]  ascribed  to  the  rhodano-substituted 
silanes  the  structure  of  thiocyanate  derivatives,  RnSi(SCN)4_n.  Subsequently,  Anderson  [7],  as  a  result  of  compar¬ 
ing  the  molecular  refractions  of  the  rhodano-substituted  silanes  which  he  had  prepared  with  those  described  in  the 
literature  for  derivatives  of  thiocyanic  and  isothiocyanic  acid,  became  convinced  that  their  structure  rather  corres¬ 
ponds  to  that  of  isothiocyanates,  RjjSi(NCS^4.n.  Nevertheless,  certain  authors  [12,  13],  even  at  the  present  time, 
describe  the  rhodanosilanes  as  derivatives  of  thiocyanic  acid. 

Eaborn  [14]  showed  that  trietltylrhodanosilane  is  formed  in  an  excellent  yield  by  the  reaction  of  triethyl - 
silane  with  silver  thiocyanate  according  to  the  scheme: 

(CgHgljSiH  +  AgNCS  — >•  (CzHglsSiNCS  +  Ag  +  Vz  Hj. 

He  also  prepared  triethyl-  and  trimethylrhodanosilanes  by  a  series  of  exchange  reactions  of  RzSiX  deriva¬ 
tives  with  silver  thiocyanate: 


RjSiX  +  AgNCS  — ►  RjSiNCS  +  AgX 
(R=  C2H5.  CHj.  X=  Cl,  Br,  I.  CN.  RjSiS). 

There  is  also  a  brief  indication  in  the  literature  [15]  that  triphenylrhodanosilane  can  be  obtained  by  the  reac¬ 
tion  of  triphenylchlorosilane  with  the  thiocyanates  of  silver,  lead  and  ammonia,  or  tvith  thiourea. 

According  to  patent  data  [12.  16],  rhodano-substituted  silanes  find  application  for  imparting  hydrophobic 
properties  to  various  materials.  In  addition,  as  we  have  found,  certain  of  these  compounds  have  insecticide  and 
fungicide  activity. 

Setting  as  our  goal  the  synthesis  and  study  of  the  properties  of  rhodano-substituted  silanes,  we  tested  a  num¬ 
ber  of  methods  of  preparing  them  which  were  based  on  the  exchange  reaction  of  the  corresponding  chlorosilanes 
with  the  thiocyanates  of  silver,  lead,  copper,  potassium,  sodium  and  ammonium.  Coming  to  the  conclusion  that 
all  the  indicated  rhodanides  more  or  less  readily  enter  into  the  exchange  reaction  with  chloro -substituted  silanes, 
we  concerned  ourselves  with  ammonium  thiocyanate,  since  it  is  the  cheapest  and  reacts  smoothyl  and  readily  ' 
(somewhat  better  results  were  given  only  by  theexpensive  silver  thiocyanate).  Even  on  merely  stirring  dry  ammon¬ 
ium  thiocyanate  with  any  chloro -substituted  silane,  an  energetic  reaction  proceeds,  and  a  10 -minute  heating  of 
the  reaction  mixture  is  sufficient  for  complete  replacement  of  all  the  chlorine  atoms  by  the  thiocyanate  group. 
However,  it  is  expedient  to  conduct  the  synthesis  of  rhodano-substituted  silanes  from  the  indicated  reagents  in  a 
boiling  benzene  medium,  which  leads  to  higher  yields  and  purer  products. 

The  physical  properties  of  the  compounds  obtained  by  us  and  the  analytical  data  are  presented  in  Table  1. 

The  method  of  determining  the  physical  constants  has  been  described  in  one  of  our  works  [17].  The  boil¬ 
ing  points  were  determined  at  pressures  close  to  normal  pressure  (+5  mm)  and  converted  to  760  mm  by  the  ap¬ 
proximate  formula _t76o  =  _tp“0.00012(_tp+  273)(p~760),  which  is  correct  for  non -associated  organic  substances 
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TABLE  1 


Properties  of  Thiocyanato-Substituted  Silanes 


Formula 

B.p.  at 

B.p.  at  the 

M.p. 

MRd 

Analysis  {°Jo) 

given  pres- 

(+  0.5") 

df 

ni5 

found 

calc’d 

NCS 

Si 

isl 

sure  (±.1*) 

found 

calc'd 

HI 

Si(NCS), 

313.8" 

182"  (15) 

143  8" 

1.41 

89.20 

89.11 

89.21 

10.68 

10.72 

10.79 

82 

CH,Si(NCS)s 

267.5 

146  (15) 

72.0 

1.30 

— 

80.30 

80.32 

80.16 

12.90 

12.79 

12.92 

75 

CjHsS^NCS), 

276.5 

151  (15) 

1.2658 

1.6195 

64.17 

64.18 

75.32 

75.10 

75.30 

12. 15 

12.02 

12. 14 

73 

C3H^Si(NCS)j 

289.2 

160  (14) 

1,2248 

1.6016 

68.70 

68  82 

71.02 

71.18 

71.00 

11.31 

11.36 

11.44 

69 

iso  “CjM^S^NCS  )j 

279.1 

157  (14) 

16.5 

1.2158  1.6050 

69.52 

68.94 

71.00 

70.93 

71.00 

11.27 

11.35 

11.44 

61 

C^HjSKNCS), 

298.8 

166  (15) 

-0.4 

1.1888  1.5927 

. 

73.93 

73.46 

67.20 

67.33 

67.16 

10.90 

10.86 

10.83 

71 

CeHsSi(NCS)s 

151  (2) 

52.2 

1.30 

62.17 

62.09 

62.36 

10.00 

10.17 

10.05 

70 

CjH5CH2Si(NCS)5 

169  (2) 

36.0 

1.28 

59.20 

59.19 

59.38 

9.82 

9.76 

9.57 

63 

(CHs)2Si(NCS)j 

217.5 

101  (15) 

18.0 

1.1416  1.5675 

49.91 

49.90 

66.53 

66.61 

66.64 

16.00 

16.03 

16.11 

73 

(C2H5)jSi(NCS)2 

245.5 

1.0937;  1.5546 

59.35 

58.91 

57.57 

57.61 

57.40 

13.70 

13.65 

13.88 

80 

(C4H,)2Si(NCS)2 

154.5  (6) 

0.9950' 1.5106 

77.77 

77.49 

45.08 

45.16 

44.94 

10.52 

10.61 

10.87 

52 

(CHg)3SiNCS 

143.8 

“33.0 

0.9308 

1.4809 

40.13 

40.13 

44.12 

44.32 

44.25 

21.37 

21.30 

21.40 

72 

(CjHjljSiNCS 

210.5 

0.9385 

1.4948 

53.85 

53.65 

33.55 

33.63 

33.51 

16.43 

16.11 

16.20 

60 

(C4H,)3SiNCS 

137.5(2) 

0.9063 

1.4893 

82.05 

81.51 

22.39 

22.28 

22.56 

10.87 

11.06 

10.91 

55 

when  the  precision  of  the  boiling  point  determination  does  not  exceed  +  0.05°.* 

We  consider  that  the  rhodanides  of  silicon  have  the  structure  of  isothiocyanatosilanes  Rj^Si(NCS)4.n-  This 
IS  clear  even  from  a  comparison  of  the  boiling  points  of  analogously  constructed  organic  and  silicoorganic  com¬ 
pounds  which  are  presented  in  Table  2. 

The  isothiocyanate  structure  of  rhodanosilanes  is  also  confirmed  by  their  formation  in  excellent  yields  by 
the  reaction  of  isocyanosilanes  with  elementary  sulfur  [19]  according  to  the  scheme; 

RjSiNC+  S  RjSiNCS. 

All  the  isothiocyanato -substituted  silanes  described  by  us  consisted  of  colorless  or  slightly  yellowish  liquids 
or  crystalline  solids,  stable  to  heating,  with  a  sharp  odor,  which  were  readily  hydrolyzed  by  water.  Even  traces 
of  moisture  were  sufficient  to  cause  the  coloring  of  these  compounds  as  a  consequence  of  hydrolysis.  When  the 
rhodano -substituted  silanes  which  were  sufficiently  liquid  to  form  drops  or  vapors  came  in  contact  with  the  skin, 
tliey  colored  it  dark  red.  On  the  othea  hand,  the  trialkylisothiocyanatosilanes,  beginning  with  (C2H5)sSiNCS,  do 
not  have  a  sharp  odor  and  are  hydrolyzed  very  slowly  by  water.  The  isothiocyanatosilanes  also  readily  react  with 
organic  compounds  containing  labile  hydrogen  (alcohols,  amines  and  acids)  with  the  evolution  of  thiocyanic  acid. 


•  For  associated  organic  compounds  (alcohols,  acids,  phenols,  etc.)  and  water,  Jjgo  =  _^~0. 00010 (tp+  273)  (p— 760). 
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EXPERIMENTAL 


All  the  initial  alkyltrichlorosilanes  and  dialkyldichlorosilanes  were  synthesized  by  the  reaction  of  the  corres 
ponding  organo  magnesium  compounds  with  excess  silicon  tetrachloride.  The  trialkylchlorosilanes  were  prepared 
by  our  method  [18]  by  the  reaction  of  the  corresponding  hexaalkyldisiloxanes  with  aluminum  chloride.  All  the 
initial  chlorosilanes  were  purified  by  fractional  distillation  in  a  column  with  a  packing  of  ceramic  rings  with  an 
efficiency  of  40  theoretical  plates.  Their  constants,  which  are  presented  in  Table  3.  are  in  excellebt  agreement 
with  the  literature  data. 


TABLE  2 
Boiling  Point  in  “C 


TABLE  3 

Properties  of  the  Initial  Alkylchlorosilanes  and  SiC]4 


X 

(CH5)sCX 
(Ti) _ 

(CH,)sSiX 
(T^) _ 

OCH,  .  .  . 

54 

57 

3 

OCjHj^  .  . 

70 

75 

5 

F . 

12 

16 

4 

Cl . 

52 

58 

6 

Br . 

72 

80 

8 

I . 

100 

107 

7 

NCS .... 

140 

144 

4 

SCN.  .  .  . 

>150 

- 

- 

The  initial  chemically  pure  ammonium 
thiocyanate  was  ground  into  a  fine  powder  and 
dried  for  10  days  in  a  vacuum  over  phosphoric 
anhydride.  The  benzene,  used  as  a  solvent,  was 
fractionally  distilled  over  sodium. 


Formula 

B.p.  at  760  mm 

(i_0.2*) 

1 

nB 

SiCl4 . 

57.0 

1.481 

— 

CH^SiClj . 

66.1 

1.275 

- 

C^HsSiCl, . 

100,5 

1.2373 

1.4256 

n  CgH^SiClj . 

125.0 

1.1965 

1.4314 

119.5 

1.1948 

1.4330 

n •••••••• 

149.0 

1.1609 

1.438® 

n 

169.2 

1.1330 

1.4400 

CjHsSiClj . 

201.1 

1.324 

1.5247 

C^sCHjSiClj . 

95.8* 

1.288 

1.5258 

(CHs)jSiClj . 

70.1 

1.0745 

1.4055 

(CjHsljSiClj, . 

130.0 

1.0519 

1.4313 

(n-C4H,)2SiClj . 

212.0 

0.9912 

1.4449 

(CHg)3SiCl . 

58.0 

0.8580 

1.3885 

(CjHslsSiCl . 

146.5 

0.8968 

1.4313 

(n-C^HjljSiCl . 

128.5* 

0.8793 

1.4472 

All  the  syntheses  of  cyana  to -substituted 
silanes  were  carried  out  by  a  uniform  method 

under  conditions  which  excluded  the  advent  of  moisture  from  the  air  (absorption  bottle  widi  concentrated  sulfuric 
acid).  The  liquid  isothiocyanate -substituted  silanes  obtained  were  purified  by  fractional  distillation  in  a  column 
with  a  glass  packing  with  an  efficiency  of  15  theoretical  plates,  while  the  solid  isothiocyanate  substituted  silanes 
were  purified  by  recrystallization  from  benzene  or  petroleum  ether.  They  were  analyzed  by  titration  of  the  thio- 
cyanic  acid  which  formed  upon  hydrolysis  with  0. 1  N  NaOH  in  a  water -alcohol  medium  in  the  presence  of  phenol- 
phthalein  as  the  indicator.  The  silicon  was  determined  by  the  method  of  wet  combustion. 


The  syntheses  of  several  isothiocyanate  -substituted  silanes  are  presented  below  as  examples. 

Synthesis  of  tetraisothiocyanatosilane.  38.1  g  (0.5  mole)  of  ammonium  thiocyanate.  150  ml  of  dry  benzene 
and  17.0  g  (0.1  mole)  of  silicon  tetrachloride  were  placed  in  a  round -bottomed  flask,  equipped  with  a  reflux  con¬ 
denser.  The  reaction  mixture  was  boiled  for  4  hours  and  filtered  while  hot  The  precipitate  was  washed  several 
times  with  hot  benzene.  The  greater  part  of  the  benzene  was  distilled  off  from  the  filtrate.  The  crystals  of  tetra¬ 
isothiocyanatosilane  v^ich  precipitated  on  cooling  were  separated  and  washed  with  cold  benzene.  The  yield  was 
21.3  g,  or  82^0  of  the  theoretical,  calculating  on  the  basis  of  the  initial  silicon  tetrachloride.  After  a  re[>eated  re¬ 
crystallization  from  benzene,  the  tetraisothiocyanatosilane  obtained  had  the  constants  presented  in  Table  1. 

Synthesis  of  butyltriisothiocyanatosilane.  A  solution  of  28.7  g  (0.15  mole)  of  butyltrichlorosilane  in  150  ml 
of  benzene  and  38.1  g  (0.5  mole)  of  ammonium  thiocyanate  was  boiled  with  a  reflux  condenser  for  3  hours.  The 
precipitate  of  ammonium  salts  was  filtered  off  and  washed  with  hot  benzene.  The  benzene  was  distilled  off  from 
the  filtrate  and  the  residue  vacuum  distilled.  The  yield  of  butyltriisothiocyanatosilane  with  a  b.p.  of  182-188* 

(31  mm)  was  29.8  g  (71*70), 

Synthesis  of  dimethyldiisothiocyanatosilane.  A  solution  of  25.6  g  (0,2  mole)  of  dimethyldichlorosilane  in 
100  ml  of  benzene  was  boiled  with  32.0  g  (0.42  mole)  of  ammonium  thiocyanate  for  3  hours.  The  precipitate  of^ 
ammonium  salts  was  filtered  off  and  washed  with  hot  benzene.  The  benzene  was  distilled  off  from  the  filtrate, 
and  the  residue  distilled.  The  yield  of  dimethyldiisothiocyanatosilane  with  a  b.p.  of  211-215*  was  24,0  g  (73f7o). 

•  At  10  mm. 
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Synthesis  of  triethylisothiocyanatosilane,  A  mixture  of  30.1  g  (0.2  mole)  of  triethylchlorosilane  and  19  0  g 
(0.25  mole)  of  ammonium  thiocyanate  was  heated  to  boiling  for  10  minutes,  after  which  it  was  distilled.  At  190- 
205*.  27  g  of  distillate  came  over  which  contained  a  suspension  of  sublimed  ammonium  salts.  It  was  again  distilled 
and.  after  filtration,  gave  20.8  g  (607o)  of  triethylisothiocyanatosilane  with  a  b.p.  of  205-210*. 

The  yield  of  triethylisothiocyanatosilane  was  raised  to  IVjo  by  conducting  the  reaction  in  a  benzene  medium, 

SUMMARY 

The  reaction  of  ammonium  rhodanide  (ammonium  thiocyanate)  with  the  corresponding  chloro -substituted 
silanes  led  to  the  synthesis  of  14  isothiocyanato-substituted  silanes  RnSi(NCS)4.n  (n  =  0-3);  dieir  physical  proper¬ 
ties  were  described. 
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INVESTIGATION  OF  CERTAIN  CONVERSIONS  OF  ABIETIC  ACID 


V.  N.  Belov  and  S,  D.  Kustova 


Abietic  acid  (I),  due  to  its  accessibility  and  chemically  interesting  hydrophenanthrene  structure,  has  been 
the  subject  of  many  investigations.  Certain  of  them  had  the  object  of  finding  an  application  for  it  in  fine  organic 
synthesis.  The  closeness  of  the  structure  of  abietic  acid  to  that  of  a  number  of  valuable  medicinal  preparations  was 
the  reason  the  first  investigations  were  directed  toward  utilizing  it  for  the  preparation  of  physiologically  active 
substances.  Thus,  6-hydroxydehydroabietinol  with  estrogenic  activity,  6-aminodehydroabietinol  and  its  N -dimethyl 
derivative  to  which  morphine -like  action  [1]  was  ascribed,  were  synthesized. 

Information  concerning  the  use  of  abietic  acid  in  perfumery  is  limited  to  the  indication  that  certain  of  its 
derivatives  (the  methyl  ester,  its  tetrahydro  derivative  and  certain  other  derivatives)  are  fixing  agents  for  perfumes. 
Both  abietic  acid  itself  and  its  derivatives  are  odorless;  this  appears  to  be  a  general  property  of  compounds  which 
contain  20  and  more  carbon  atoms.  This  circumstance  has  been  continuously  associated  with  exploratory  works 
involving  the  synthesis  of  perfumes  on  the  basis  of  abietic  acid  with  the  necessary  reduction  in  the  number  of  car¬ 
bon  atoms  in  its  molecule. 

In  the  present  article,  the  results  of  work  involving  the  decarboxylation  of  abietic  acid,  attempts  to  introduce 
a  bromine  atom  into  the  abietene  molecule  (II)  with  the  aid  of  N-bromosuccinimide,  and  the  synthesis  of  tetra- 
hydroabietin  are  reported. 

To  prepare  abietene  from  abietic  acid  we  tried  heating  it  with  water,  sodium  hydroxide  and  dimethylanil- 
ine.  It  turned  out  tiiat,  in  the  latter  case,  the  anhydride  of  abietic  acid  is  formed,  the  decarboxylation  of  which 
anhydride  proceeds  at  a  temperature  above  300*.  The  decarboxylation  of  (I)  in  the  presence  of  water  under  pres¬ 
sure  takes  place  in  a  temperature  range  which  excludes  any  side  reactions.  However,  on  heating  abietic  acid  for 
24  hours  at  a  heating  oven  temperature  of  260-280°,  it  is  only  10-13*70  converted  into  hydrocarbons.  A  more  con¬ 
venient  preparative  method  for  obtaining  abietene  proved  to  be  the  decarboxylation  of  the  sodium  salt  of  abietic 
acid  with  the  composition  Ci9H29COONa'  3C20H30O2  in  the  presence  of  a  small  quantity  of  alkali  (2-37o  of  the  weight 
of  the  salt).  As  a  result  of  heating  the  reaction  mixture  for  4  hours  at  a  temperature  of  230-250°,  abietene  was  ob¬ 
tained  in  a  yield  of  40*^0  of  the  theoretical.  The  constants  of  substance  (11),  prepared  from  substance  (I)  by  decar¬ 
boxylation  with  water,  only  varied  witliin  a  small  range:  dl®  0.9605-0.9640,  np  1.5285-1.5296.  The  properties 
of  abietene,  obtained  by  the  decarboxylation  of  the  salt,  were  still  more  constant.  In  both  cases  they  were  in  ac¬ 
cord  with  the  literature  data  [2-6]. 

The  study  of  the  reaction  of  abietene  with  N-bromosuccinimide  showed  that  the  bromo -derivative  which  is 
thereby  formed,  to  which  we  assigned  the  structure  of  bromoabietene  (III),  is  very  unstable.  It  can  be  detected, 
but  not,  as  a  consequence  of  its  decomposition  during  purification,  isolated,except  in  those  experiments  which 
are  carried  out  at  a  temperature  not  above  0°,  If  the  reaction  of  (11)  with  N-bromosuccinimide  is  carried  out  in 
the  presence  of  heating,  then  HBr  is  isolated  from  the  reaction  mixture:  under  these  conditions  the  bromide  (III) 
initrally  formed  is  almost  completely  converted  into  the  hydrocarbon  (IV),  i.e.,  the  result  of  the  reaction  is  dehy¬ 
drogenation.  After  distilling  over  NaOH,  dehydroabietene  (IV)  was  obtained  in  the  pure  form: 


COON 


(I)  (I) 
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i 

We  did  not  succeed  in  doing  this,  as  we  assumed,  because  it  was  impossible  to  carry  out  the  projected  syn- 
'  thesis  in  stages  with  isolation  of  the  bromide  (VIII).  The  temperature  conditions  necessary  for  the  reaction  be  - 

j  tween  (VII)  and  Br*  in  the  direction  of  forming  (VIII)  (Borodin  reaction  [7])  are  apparently  very  close  to  those  un- 

!  der  which  the  dehydrobromination  of  (Vni)  into  the  unsaturated  hydrocarbon  (V  or  V^i)  proceeds.  In  view  of  the 

j  presence  in  the  reaction  medium  of  Btj,  this  hydrocarbon  undergoes  various  further  conversions,  which  lead,  in 

j  the  end.  to  the  formation  of  a  mixture  of  hydrocarbons  and  bromot-derivatives. 

'  We  succeeded  in  accomplishing  the  synthesis  of  tetrahydroabietin  from  tetrahydroabietic  acid  (VI)  accord- 

ing  to  another  scheme: 


■■I 


The  considerable  stability  of  the  isocyanate  (XI),  obtained  in  excellent  yield  under  those  conditions  in  which 
other  amides  are  directly  converted  into  the  corresponding  amines,  must  be  noted.  The  stability  of  (XI)  enabled 
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US  to  isolate  it  from  the  reaction  mixture  and  to  purify  it  in  an  appropriate  manner  (m.p,  59-60*  from  bOPlo  alcohol).* 
Tlie  hydrochloride  of  tetrahydroabietylamine  (XII)  was  obtained  from  it  by  heating  with  concentrated  HCl;  the  use 
of  solvent  proved  not  to  be  obligatory  in  this  reaction. 

It  is  also  necessary  to  note  that  in  the  last  stage  of  the  synthesis,  we  did  not  succeed  in  any  of  tlie  experiments 
in  isolating  even  a  small  quantity  of  a  substance  with  an  alcoholic  character  from  the  reaction  mixture.  The  sole 
product  of  this  reaction  was  tetrahydroabietin  (V  or  Va). 

Uncertainity  as  to  the  structure  of  the  hydrocarbon  obtained  by  us  can  arise  in  connection  with  the  fact  that 
the  similar  conversion  of  primary  amines  is  often  accompanied  by  isomerization.  However,  for  example,  in  the 
study  of  the  reaction  of  the  secondary  amine  —  methylcyclopropylaminomethane  —  with  HNOj,  Demyanov  and 
Pinegin  [9]  noted  an  almost  quantitative  formation  of  methylcyclopropylcarbinol.  They  advanced  a  hypothesis 
concerning  the  interrelation  of  this  phenomenon  (the  absence  of  isomerization)  with  the  presence  of  a  second  rad¬ 
ical  located  on  the  carbon  atom  with  the  NH2  group. 

In  our  case,  the  conversion  of  (XII)  into  (V)  or  (Va),  apparently,  also  proceeds  without  change  in  the  struc¬ 
ture  of  the  carbon  skeleton,  and  consequently  through  a  stage  of  the  tertiary,  readily  dehydratable  alcohol  (XIII). 

To  characterize  die  hydrocarbon  (V)  or  (Va),  it  was  subjected  to  catalytic  hydrogenation  over  platinum  catalyst. 

The  quantity  of  H2  absorbed  corresponded  to  the  presence  in  its  molecule  of  one  double  bond.  The  hydrocarbon 
corresponded  to  tetrahydroabietene  in  physical  constants  and  in  the  data  from  its  elementary  analysis. 

EXPERIMENTAL 

Preparation  of  abietic  acid.  100  g  of  finely  ground  rosin  (acid  number  166.5)  was  vacuum  distilled  for  2 
hours.  74.7  g  of  distillate  (yield  83.^o,  calculating  on  the  basis  of  the  acidic  part  of  the  rosin)  was  obtained; 

B.p.  234-240*  (3.5  mm),  softening  temperature  75°,  acid  number  184.2. 

100  g  of  the  distillate  was  recrystallized  from  acetone  and  alcohol  and  37.7  g  of  abietic  acid  (yield  37.9^o, 
calculating  on  the  basis  of  the  acidic  part  of  the  distillate)  was  obtained; 

M.p.  154-157*,  —69.6°  (alcohol),  acid  number  185.3,  thiocyanometric  bromine  number  47.54.** 

Decarboxylation  of  abietic  acid  by  heating  with  water.  20  g  of  abietic  acid  (m.p.  154-157*)  and  100  ml 
of  water  v.ere  placed  in  a  200  ml  rotating  autoclave.  The  mixture  was  heated  for  24  hours  at  a  temperature  of 
the  heating  oven  of  260-280°.  Upon  cooling,  the  water  layer  was  separated  and  the  viscous  oil  was  dissolved  in 
ether.  The  extract  was  washed  with  97o  sodium  hydroxide,  and  with  water,  and  dried  with  sodium  sulfate.  The 
residue  after  distilling  off  the  solvent  was  vacuum  distilled  over  metallic  sodium.  2.2  g  (12. 8^0)  of  the  hydro¬ 
carbon  was  obtained: 

B.p.  167-170*  (3.5-4  mm),  thiocyanometric  bromine  number  70.8,  np  1.5285,  d^®  0.9605,  MRj)  82.91,*** 

82.27.****  Ci9H3o“2.  Calculated  82.41;  EMRd  0.5.  Ci,H28  Ta  Calculated  81.94;  EMRp  0-33. 

12.84  mg  sub.:  44.86  mg  CO2;  13.81  mg  HjO.  13.05  mg  sub.;  42.45  mg  COj;  12.89  mg  HjO.  Found  '^0: 

C  88.39.  88.71:  H  11.16,  11.05.  C19H30.  Calculated  <=70:  C  88.31;  H  11.69.  C19H28.  Calculated ‘7o:  C  88.99; 

H  11.01. 

Preparation  of  the  salt  of  abietic  acid  with  the  composition  Ci9H29COONa-  SCtaHMOi-  66  g  of  rosin  (acid 
number  166.5)  and  134  g  of  alcohol  were  placed  in  a  three -necked  flask  with  a  stirrer,  a  reflux  condenser  and  a 
dropping  funnel.  100  g  of  3^o  HCl  was  added  to  the  boiling  solution;  it  was  boiled  for  15  minutes,  and  20  g  of  a 
solution  which  contained  3. 3  g  of  NaOH  was  added.  After  5  minutes,  50  g  more  of  a  solution  containing  19.6  g 
of  NaOH  was  added.  After  24  hours  the  solution  was  filtered  and  the  precipitate  was  washed  with  alcohol  and 

*  The  considerable  stability  of  the  isocyanates  of  the  resin  acids  has  been  noted  in  one  of  the  patents  [8],  in 
which  their  characterization  is  confined  to  the  indication  that  the  isocyanates  of  abietic,  dehydro-  and  dihydro- 
abietic  acids  are  viscous  liquids. 

**  A  purer  preparation  of  abietic  acid  (m.p.  170-174°,  —98.70°)  was  obtained  by  purification  via  the  sodium 

salt  of  the  composition  Ci9H29COONa  •  3C20H30O2,  but  since  such  a  purification  was  associated  with  large  losses  of 
material  and  considerable  expenditure  of  time,  we  considered  it  possible  to  use  preparations  corresponding  in  their 
properties  to  those  which  Ruzicka  and  his  coworkers  had  used  in  their  works,  in  which  the  structure  of  abietic  acid 
v-^as  eluciJ  itcc. 

*•*  At  '.(iol,  wt.  253  for  Ci9H3g. 

****  At  mol.  wt.  256  for  Ci9H28. 
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dried.  145.8  g  of  die  salt  (yield,  calculating  on  the  basis  of  the  acidic  part  of  the  rosin,  61. 8^0)  with  a  m,p.  of 
172-175",  was  obtained. 

Decarboxylation  of  the  acid  sodium  salt  of  abietic  acid,  43  g  of  the  dry  salt  with  the  composition 
CjjHjjCOONa*  aCjoHsflO^  and  1  g  of  NaOH  were  placed  in  a  200  ml  round -bottomed  flask.  After  heating  for  4 
hours  at  a  reaction  mixture  temperature  of  230-250",  the  contents  of  the  flask  were  dissolved  in  ether,  washed  with 
5^0  NaOH  and  with  water,  and  dried  with  sodium  sulfate.  After  distilling  off  the  solvent,  the  residue  was 
vacuum  distilled  over  metallic  sodium.  3.6  g  (40.2f7o)  of  the  hydrocarbon  was  obtained.  It  consisted  of  a  color¬ 
less,  odorless,  viscous  oil  which  was  quite  soluble  in  the  ordinary  solvents  and  insoluble  in  water: 

B.p.  164-171"  (1.5-2  mm),  thiocyanometric  bromine  number  73.39,  n^  1.5289,  d|®  0.9616,  MRd  82,87;* 

82.22.**  Calculated  82.41:  EMRd  0.46.  Ci9H28r,.  Calculated  81.94;  EMRd  0.28. 

12.47  mg  sub.:  40.29  mg  CO2;  29.97  mg  H2O.  13.47  mg  sub.:  43,61  mg  CO2:  13.77  mg  HjO.  Found  <70: 

C  88.29,  88.11;  H  11.44,  11.64.  CisHjo.  Calculated  <7o;  C  88.31;  H  11.69.  C19H28.  Calculated  <70: 

C  88.99,  H  11.01. 

Reaction  of  abietene  with  N-bromosuccinimide.  4.7  g  (0.02  mole)  of  N-bromosuccinimide  (m.p.  173") 
and  15  ml  of  CCI4  (anhydrous)  were  placed  in  a  100  ml  two -necked  flask  with  a  stirrer  and  a  dropping  funnel. 

A  solution  of  6.8  g  (0.02  mole) of  abietene  with  a  b.p.  of  160-163"  (1  mm)  in  25  ml  of  the  same  solvent  was  added 
in  tile  form  of  drops  to  the  mixture,  which  was  cooled  to  0".  It  was  stirred  at  a  temperature  of  0"  for  3  hours,  the 
succinimide  was  filtered  off,  and  the  CCI4  was  distilled  off  in  a  vacuum  at  a  bath  temperature  which  did  not  ex¬ 
ceed  20";  4.8  g  of  an  oil  which  was  soluble  in  the  ordinary  organic  solvents  was  obtained. 

The  product  contained  24. 53f7o  Br  (by  the  Stepanov  method).  Ci9H29Br.  Calculated ‘7o:  Br  23.69. 

After  distilling  over  NaOH.  1.21  g  of  the  substance  was  obtained: 

B.p.  118-120"  (0.1-0.2  mm),  nf)  1.5339,  cij®  0.9679,  MRj)  82.34,  calculated  81.94.  Literature  data  for 

dehydroabletene:  b.p.  113"  (0.1  mm.  ng'®  1.540.  b.p.  112"  (0.06  mm).  180-182"  (11  mm);  nj^'®  1.5370 

[10],  b.p.  180"  (12  mm),  ng  1.5354  [11]. 

Tetrahydroabietic  acid.  500  g  of  finely  ground  rosin  (acid  number  166.5)  was  hydrogenated  in  a  three- 
liter  autoclave  over  50  g  of  pyrophoric  nickel  under  a  pressure  of  200-207  atm  and  at  a  temperature  of  210-230". 
66.9  liters  of  hydrogen  was  absorbed  in  3.5  hours.  Upon  cooling,  the  hydrogenation  product  was  dissolved  in  benz¬ 
ene.  the  catalyst  was  filtered  off,  and  after  distilling  off  the  solvent,  the  residue  was  vacuum  distilled.  354.2  g 
of  distillate  (yield  77.9‘7o.  calculating  on  the  basis  of  the  acid  part  of  the  rosin)  was  obtained: 

B.p.  192-205"  (0. 3-0.5  mm),  softening  temperature  80".  acid  number  179.4. 

After  two-fold  recrystallization  from  acetone,  155.1  g  of  tetrahydroabietic  acid  (yield  42.9*70,  calculating  on 
the  basis  of  the  acid  part  of  the  distillate,  and  34.1*70,  on  the  initial  rosin)  was  obtained: 

M.p.  165-168",  acid  number  183.3,  thiocyanometric  bromine  number  0;  mixed  sample  with  abietic  acid 

melted  at  113-117". 

16.27  mg  sub.;  46.91  mg  CO2;  16.53  mg  H2O.  15.17  mg  sub.;  43.56  mg  CO2;  15.32  mg  H2O.  Found  *7c: 

C  78.62,  78.30;  H  11.37,  11.30.  C20H34O2.  Calculated  *7o;  C  78.36;  H  11.19. 

It  consisted  of  colorless  shiny  needles,  collected  in  rosettes,  which  were  readily  soluble  in  ether,  benzene 
and  toluene,  soluble  in  acetone,  alcohol  and  glacial  acetic  acid,  and  insoluble  in  water. 

Silver  salt  of  tetrahydroabietic  acid.  A  solution  of  5.0  g  (0.016  moles)  of  tetrahydroabietic  acid  (m.p.  165- 
168",  thiocyanometric  bromine  number  0).  in  50  ml  of  96*70  alcoholiwas  titrated  with  ff7o  aqueous  NaOH.  While 
the  solution  was  being  stirred  vigorously,  a  solution  of  3.0  g  (0.017  mole)  of  AgNOj  in  120  ml  of  water  was  added 
and  the  mixture  stirred  for  20  minutes.  The  precipitate  was  filtered  off,  washed,  dried  at  100"  and  then  at  2-3 
mm  over  P2O5.  6.2  g  of  the  salt  with  a  m.p.  of  165-168"  was  obtained. 

120.8  mg  sub,:  31.0  mg  Ag.  Calculated;  30.1  mg  Ag. 

Acid  chloride  of  tetrahydroabietic  acid.  10.0  g  (0.03  mole)  of  tetrahydroabietic  acid  (m.p.  165-168")  and 
11.0  g  (0.09  mole)  of  SOClj  were  placed  in  a  round -bottomed  flask  (50  ml)  with  a  reflux  condenser.  After  30 

•  At  mol.  wt.  258  for  Ci9Hjo. 

••At  mol.  wt.  256  for  C19H28. 
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minutes,  the  excess  SOClj  was  distilled  off  and  10.3  g  (97^o)  of  the  substance  was  obtained.  After  two-fold  recry¬ 
stallization  from  acetone,  the  m.p.  was  69-69.5°. 

22.397  mg  sub.:  0.688  ml  0.01  N  Hg(NOj)^0.1  g  sample  .  24.939  mg  sub.:  0.770  ml  0.01  N  HgfNOsV  * 

0.1  g  sample  .  Found  Cl  10.90,  10.95.  C2qH33(X]1.  Calculated  *70:  Cl  10.91. 

It  consisted  of  colorless  shiny  crystals  in  the  form  of  elongated  ellipsoids  which  were  readily  soluble  in 
benzene,  ether  and  acetone,  poorly  soluble  in  alcohol,  and  insoluble  in  water. 

Amide  of  tetrahydroabietic  acid.  A  suspension  of  10  g  of  technical  grade  acid  chloride  of  tetrahydro- 
abietic  acid  and  150  ml  of  an  aqueous  solution  of  ammonia  (d  0.86  at  0°)  was  shaken  for  8  hours.  The  precipitate 
was  filtered  off,  washed  with  water,  and  dried  over  calcium  chloride.  8.6  g  (92fyo)  of  a  product  with  a  m.p.  of 
182-183“  was  obtained  (the  melting  point  did  not  change  upon  recrystallization  from  alcohol). 

14.4  mg  sub.:  41.4  mg  CO2;  15.06  mg  HjO.  13.7  mg  sub.:  39.5  mg  COg;  14.1  mg  HjO.  19.94  mg  sub.: 

0.879  ml  N2  (21*.  738  mm).  21.84  mg  sub.:  0.859  ml  Nj  (22“,  737  mm).  Found  %•.  C  78.40,  78.63; 

H  11.70,  11.52;  N  4.97,  4.93.  CjoHsgON.  Calculated ‘/o:  C  78.63;  H  11.55:  N  4.58. 

It  consisted  of  colorless  crystals  which  were  readily  soluble  in  benzene,  toluene,  ether,  hot  alcohol  and  acet¬ 
one,  poorly  soluble  in  cold  alcohol  and  acetone,  and  insoluble  in  water. 

Tetrahydroabietylisocyanate.  5.0  g  (0.01  mole)  of  the  finely  ground  amide  of  tetrahydroabietic  acid  (m.p. 
182-183"),  50  ml  of  water  and  53  g  of  potassium  hypobromite,  prepared  from  5.2  g  (0.03  mole)  of  bromine  and  52 
ml  of  2^0  aqueous  potassium  hydroxide  at  a  temperature  of  —5°.  were  placed  in  a  round -bottomed  250  ml  flask 
with  a  reflux  condenser.  The  mixture  was  heated  for  2  hours  at  a  temperature  of  65-70".  The  tetrahydroabietyl¬ 
isocyanate  was  extracted  with  ether,  the  ethereal  solution  was  washed  with  water  and  dried  over  sodium  sulfate. 

The  residue,  after  distilling  off  the  solvent,  was  vacuum  distilled.  4.6  g  (84.4®/o)  of  a  substance  with  a  b.p.  of 
199-202"  (3-4  mm)  was  obtained.  After  two-fold  recrystallization  from  alcohol,  the  m.p.  was  59-61*. 

15.0  mg  sub.:  43.5  mg  CO2:  15.1  mg  H2O.  15.6  mg  Sub:  45.4  mg  CO2;  15.4  mg  H2O.  -17.9  mg  sub.; 

0.769  ml  N2  (21".  742  mm).  17.94  mg  sub,:  0.750  ml  N2  (23",  758  mm).  Found  ‘’ja  C  79.08,  79.36;  ' 

H  11.27,  11.05;  N  4.87,  4.70.  C20H33ON.  Calculated  <7^:  C  79.15;  H  10.96;  N  4.62. 

It  consisted  of  fine  shiny  needles  which  were  readily  soluble  in  benzene,  ether,  toluene,  hot  acetone  and  alco¬ 
hol,  slightly  soluble  in  cold  alcohol,  and  insoluble  in  water. 

Hydrochloride  of  tetrahydioabietylamine.  1.2  g  of  tetrahydroabietylisocyanate  (m.p.  59-61")  and  6  ml  of 
HCl  (d  1.18)  were  placed  in  a  50  ml  round -bottomed  flask  with  a  reflux  condenser.  The  mixture  was  boiled  for 
15  minutes.  The  crystals  which  formed  on  cooling  were  filtered  off,  washed  with  anhydrous  ether  and  dried.  1.05 
g  (84  Q’Jo)  of  the  hydrochloride  was  obtained.  After  recrystallization  from  hot  water,  the  m.p,  was  152-153", 

24.939  mg  sub,:  0.779  ml  0.01  N  Hg(N05)2  /  0.1  g  sample.  21.170  mg  sub.:  0.684  ml  0.01  N  Hg(NOs)2/ 

0.1  g  sample,  18.74  mg  sub.:  0.758  ml  Ng  (24".  745  mm).  17.44  mg  sub.;  0.690  ml  N2  (24".  746  mm). 

Found  <yo:  Cl  11.33,  11.18;  N  4.56,  4.46.  C19H36NCI.  Calculated  <70:  Cl  11.29;  N  4.46. 

It  consisted  of  fine  crystals  which  were  soluble  in  hot  water,  cold  alcohol,  poorly  soluble  in  cold  water,  and 
insoluble  in  acetone  and  benzene. 

Tetrahydroabietylamine  picrate,  m.p.  219-221",  consisted  of  shiny  yellow  crystals  in  the  form  of  rectangles, 
which  were  soluble  in  alcohol,  acetone  and  benzene,  and  insoluble  in  water. 

14.54  mg  sub.:  1.46  ml  N2  (18°,  728  mm).  6.94  mg  sub.:  0.70  ml  N2  (22°.  730  mm).  Found ‘7‘>:  N  11,28, 

11.31.  C25H38O7N4.  Calculated ‘7«  N  11.05. 

Tetrahydroabietin.  7.0  g  (0.02  mole)  of  tetrahydroabietylamine  (m.p.  152-153"),  70  ml  of  water  and  a  solu¬ 
tion  of  2.3  g  (0.03  mole)  of  NaNOj  in  23  ml  of  water  were  placed  in  a  250  ml  two-necked  flask  with  a  reflux  con¬ 
denser.  The  mixture  was  heated  for  1  hour.  After  cooling,  it  was  extracted  with  ether,  and  the  ethereal  solution 
was  washed  with  dilute  HjSO^  and  then  with  water  and  dried  over  sodium  sulfate.  The  residue  after  distilling  off 
the  solvent  was  vacuum  distilled.  3.5  g  (60.37o)  of  the  hydrocarbon  was  obtained: 

B.p.  178-179"  (3-4  mm);  ng  1.5190,  df  0.9537,  MRj)  82.86,  calculated  82.86. 

13.4  mg  sub.:  43.0  mg  COg;  15.2  mg  HgO.  19.9  mg  sub.:  63.8  mg  CO^;  22.2  mg  HjO.  Found  °Io’. 

C  87,51,  87.43;  H  12.69,  12.48,  Calculated  <7o:  C  87.60;  H  12.40. 
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It  consisted  of  a  viscous,  odorless  oil  which  was  readily  soluble  in  the  ordinary  organic  solvents  and  insoluble 
in  cold  carbon  tetrachloride  and  water, 

Tetrahydroabietene.  A  solution  of  1.5  g  of  tetrahydroabietin  with  a  b.p.  of  175-177.5°  (2-3  mm)  in  15 
ml  of  anhydrous  alcohol  was  hydrogenated  at  atmospheric  pressure  over  Pt  which  had  been  prepared  by  the  reduc¬ 
tion  of  0.3  g  of  Pt02.  The  hydrogenation  was  continued  for  50  hours,  in  the  course  of  which  the  calculated  quan¬ 
tity  of  hydrogen  (137  ml)  was  absorbed.  After  eliminating  the  catalyst,  the  solvent  was  distilled  off  and  the  residue 
was  vacuum  distilled.  1.1  g  (72.8^o)  of  the  following  fraction  was  obtained: 

B.p.  178-182°  (8-9  mm),  nf5  1.5060,  df  0.9362,  MRd  83.29,  calculated  82.34. 

Literature  data  [11]:  b.p.  179-180°  (12  mm),  d^®  0,9374,  np  1.5025.  The  tetrahydroabietene,  obtained  by 

the  hydrogenation  of  abietin,  had  a  b.p.  of  183-184°  (12  mm),  d|®  0.9368,  nJ5  1.5022. 

14.0  mg  sub.:  44.8  mg  CO2;  15.9  mg  H2O.  12.9  mg  sub:  41.83  mg  COg*,  14.8  mg  H2O.  Found  C  87.26, 

87.31;  H  12.71,  12.84.  C19H34.  Calculated ‘yo:  C  86.94;  H  13.01. 

SUMMARY 

1.  It  was  shown  that  heating  abietic  acid  with  water  under  pressure  at  a  temperature  of  230-250°  yields 
abietene  with  a  yield  of  12-1370.  Decarboxylation  of  the  acid  sodium  salt  of  abietic  acid  in  the  presence  of  a 
small  quantity  of  alkali  proceeds  at  the  same  temperature  and  yields  abietene  with  a  yield  of  40^o. 

2.  It  was  established  that  the  bromide,  formed  by  the  reaction  of  abietene  with  N-bromosuccinimide,  is 
unstable  at  temperatures  above  0°.  The  result  of  this  reaction  appears  to  be  the  dehydrogenation  of  abietene. 

3.  The  synthesis  of  tetrahydroabietin  was  accomplished  according  to  the  following  scheme;  tetrahydro- 
abietic  acid  — the  acid  chloride  of  tetrahydroabietic  acid  — the  amide  of  tetrahydroabietic  acid  —*■ 

—*•  tetrahydroabietylisocyanate  — the  hydrochloride  of  tetrahydroabietylamine  — tetrahydroabietin. 

4.  The  preparation  of  tetrahydroabietin  as  a  result  of  the  reaction  of  the  hydrochloride  of  tetrahydroabietyl¬ 
amine  with  nitrous  acid  indicates  that  isomerization  of  the  ring  does  not  occur  in  the  process  of  replacing  the 
amino  group  with  a  hydroxy  group. 

LITERATURE  CITED 

[1]  L.  F.  Fieser,  W.  P.  Campbell,  J.  Am.  Chem,  Soc.,  61,  2528  (1939). 

[2]  T,  H.  Easterfield,  G.  Bagley,  J.  Chem,  Soc.,  85,  1238  (1904). 

[3]  P.  Levy,  Ber.,  39,  3040  (1906). 

[4]  L.  Ruzicka.  H.  Schinz,  Helv.  Chim,  Acta,  6,  833  (1907). 

[5]  K.  Vesterberg,  E.  Borge,  Ann.,  440,  305  (1924). 

[6]  O.  Czerny,  Chem.  Zentr.,  1926,  I,  2803;  C.  Schwalbe,  Z.  angew.  Chem.,  18,  1852(1905). 

[7]  A.  P.  Borodin,  Ann.  Chem.  Riarm.,  119,  121  (1861). 

[8]  U,  S,.  Patent  2,491,580  (Chem.  Abs.,  44,  2562). 

[9]  N.  Ya.  Demyanov,  S.  A.  Pinegin,  J.  Russ.  Chem.  Soc.,  46,  58  (1914). 

[10]  A.  Brossi,  H.  Gutmann,  O.  Jeger,  Helv.  Chim.  Acta,  33,  1730  (1950). 

[11]  E.  C.  Sterling.  M.  T.  Bogert,  J.  Org.  Chem.,  4,  20  (1939);  Chem.  Zentr.,  1939,  II,  863. 

Received  December  21.  1953  All -Union  Institute  of  Scientific -Research  on 

Synthetic  and  Natural  Perfumes 


1088 


MENDELEEV’S  CLASSIFICATION  OF  THE  ELEMENTS* 

(A  brief  report  of  the  paper  which  was  read  and  discussed  at  the  colloquium  of  the  Platinum 
Division  of  the  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences  USSR, 
July  13  and  20,  1950,  and  at  the  session  of  the  section  of  the  Scientific  Council  of  the  ^latinum 
Division,  the  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences  USSR  held 
June  5,  1951) 

A.  I,  Mashentsev 


As  is  well-known,  D.  I.  Mendeleev  saw  the  distribution' of  the  rare-earth  metals  in  the  periodic  system  as 
"one  of  the  most  difficult  problems”  presented  by  the  periodic  law  [1].  He  acknowledged  a  second  complication 
for  group  VIII,  in  the  series  of  which  there  are  three  elements  each.  He  also  indicated  the  indefiniteness  of  tire 
position  of  hydrogen  as  the  "lightest”  element.  The  evolution  of  the  periodic  system  of  elements  (1869-1905)  of 
D.  I.  Mendeleev  [2]  which  proceeded  from  then  on,  led  to  its  division  into  four  parts,  in  connection  with  the  in¬ 
troduction  of  the  rare-earth  and  thorite  actinide  metals.  The  number  of  series  of  the  system  was  simultaneously 
reduced.  Then,  with  the  "generalization”  of  the  elements  of  groups  0  and  VIII,  it  became  impossible  to  avoid 
discontinuities  in  all  the  periods,  to  wit:  between  the  halogens  and  the  inert  gases  [3],  or,  in  other  cases,  between 
the  elements  of  groups  VII  and  VIII  [4].  After  rejection  of  the  Mendeleevian  even  and  uneven  series  and  subdivision 
the  elements  of  each  group  into  two  ’’subgroups”,  proposed  by  L.  Meyer  [5],  arbitrary  changes  in  the  composition 
of  these  "subgroups”,  for  example,  in  group  III  [3,  4]  were  often  tolerated.  The  use  of  only  two  ’’subgroups”  for 
the  larger  periods  is  clearly  inadequate.  Experiment  shows  many  cases  in  which  well-known  forms  of  the  compounds 
of  the  elements  exceed  the  highest  typical  forms  of  these  groups,  for  example  in  the  "copper  subgroup”  die  forms 
of  compounds  R2O3  and  even  ROg  [6]  are  well-known;  in  many  of  the  rare -earths  and  thorite  actinide  metals,  the 
forms  of  the  compounds  are  considerably  higher  [7,  8],  than  in  lanthanum  and  actinium,  to  the  groups  of  which  they 
are  often  referred.  The  question  naturally  arises  concerning  the  distribution  of  all  these  elements  in  higher  groups. 

The  situation  set  forth  determined  the  goal  of  the  present  work  and  of  the  investigations  of  the  author  direc¬ 
ted  toward  the  solution  of  a  number  of  problems  of  the  systematic  classification  of  the  elements.  » 

D.  I.  Mendeleev  indicated  that  "true  periodic  law  ...  as  a  law  is  purely  chemical;  based  on  our  understand¬ 
ing  of  the  atoms,  joined  in  multiple  ratios,  discontinuously  (and  not  continuously)  and  multiply  ...  it  has  bearing 
above  all  on  the  form  of  the  compounds.  They  are  few.  they  are  arithmetically  simple  and  are  repeated;  their 
transitions  are  not  continuous,  and  only  a  definite  number  of  members  is  contained  in  each  period”  [9].  The  over¬ 
all  series  of  the  elements  is,  therefore,  divided  into  periods,  between  those  elements  for  which  the  maximum  jump 
in  the  form  of  compounds  has  been  established,  i.e.,  between  the  halogens  and  the  inert  gases.  Whereas  in  the  : 
table  "Attempt  at  an  Up-to-Date  D.  I.  Mendeleev  System  of  the  Elements",  just  as  for  D.  1.  Mendeleev  [2],  the 
zero  group  begins  the  periods,  it  does  not  end  them.  Beginning  with  the  second  period,  periods  with  an  identical 
number  of  elements  are  repeated  twice  in  the  system. 

The  table  shows  that  the  third  period  doubles  the  second,  the  fifth  doubles  the  fourth,  and  it  must  be  asser¬ 
ted  that  the  completed  seventh  period  will  repeat  its  composition  and  structure  on  a  new  base  —  on  the  new  base 
of  the  sixth  period. 

This  circumstance  is  registered  by  the  introduction  of  the  type.  The  prototype  of  the  type  was  again  indica¬ 
ted  by  D.  I.  Mendeleev,  when  he  named  the  second  and  third  periods  "typical  elements”.  Two  periods  of  equal 
length  are  called  a  "type”.  In  the  system  as  a  whole,  as  the  table  shows  by  differential  hatching,  there  are  four 
types,  which  distinctly  convey  the  relationships  of  the  similarities  and  differences  of  the  elements.  In  this  arrange¬ 
ment  of  the  system,  the  second  type  of  elements  consists  of  the  second  and  third  periods,  in  each  of  which  diere 
are  eight  elements.  They  are  all  characteristic  elements  of  the  second  type,  the  "typical”  elements  of  D.  I.  Men¬ 
deleev,  and  have  their  direct  analogs  in  all  the  subsequent  periods  cf  the  third  and  fourth  types. 

•  The  article  was  recommended  for  publication  (in  the  nature  of  a  discussion)  by  I.  I.  Chernyaev,  director  of 
the  N.  S.  Kurnakov  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences.  USSR. 
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The  number  of  series  and  periods  of  the  elements  of  tliis  type  from  He  to  F  and  from  Ne  to  Cl  coincides,  while 
the  distribution  in  groups  is  as  usual.  The  third  type  of  elements  consists  of  the  fourth  and  fifth  periods,  in  each  of 
which  there  are  18  elements.  Eight  of  these  are  analogs  of  the  elements  of  the  second  type  and  have  the£-  and  £- 
electron  structure,  from  Ar  to  Ca  and  from  Ga  to  Br  in  the  fourth  period,  and  from  Kr  to  Sr  and  from  In  to  I  in  the 
fifth.  The  other  ten  elements,  in  each  of  these  periods  consist  of  the  characteristic  elements  of  the  third  type; 
they  have  the  d  -electron  atom  structure.  These  are  from  Sc  to  Zn  and  from  Y  to  Cd.  The  latter  are  distributed 
only  in  even  series  and  as  it  were  constitute  a  transition  between  those  elements  of  groups  11  and  III  which  are  ana¬ 
logs  of  die  second  type,  i.e.,  the  transition  from  Ca  to  Ga  and  from  Sr  to  In.  As  is  well-known,  the  discrepancy  of 
the  elements  in  the  groups  of  D.  I.  Mendeleev  occurred  only  as  regards  their  membership  in  the  even  and  uneven 
series. 

The  inclusion  of  the  ten  characteristic  elements  of  the  third  type  in  the  transition  from  the£-  to  the  £-elec- 
tron  atom  structure  is  found  in  connection  with  the  formation- of  the  d-electron  layer  and  has  a  more  profound  cause 
in  the  periodicity  of  the  structure  of  the  nucleus  [10].  The  fourth  and  fifth  periods  are  each  constructed  of  the  two 
series.  4  and  5  and  6  and  7.  The  apportionment  of  the  characteristic  elements  of  tlie  third  type  from  Sc  to  Zn  and 
from  Y  to  Cd  is  shown  in  the  table  by  horizontal  hatching.  They  have  their  analogs  in  the  periods  of  the  fourth 
type.  Thus,  there  is  no  need  to  use  the  vague  "subgroups”. 

In  addition,  the  introduction  of  the  types  restores  the  Mendeleevian  distinction  between  the  elements  as  re¬ 
gards  even  and  uneven  series,  which  is  established  by  the  mutual  relation  of  elements  not  only  in  groups,  but  also 
in  series.  Thus,  the  characteristic  elements  of  the  second  type  from  A1  to  Cl  and  their  analogs  in  the  periods  of 
the  third  type  from  Ga  to  Br  and  from  In  to  I,  and  also  in  the  periods  of  the  fourth  type  from  T1  to  At  and  from 
Etl  to  Eat  are  only  found  in  the  uneven  series. 

The  fourth  type  of  elements  consists  of  the  sixth  and  the  still  incomplete  seventh  periods.  The  sixth  period 
includes  32  elements,  which  are  distributed  in  four  series:  8,  9,  10  and  11.  The  beginning  and  end  of  this  period 
consists  of  the  8  elements  which  are  analogs  of  the  second  type;  from  Xe  to  Ba  begins  the  8th  series,  while  from  T1 
to  At  forms  the  11th  series;  the  10  elements  which  ate  analogs  of  the  third  type;  La  and  from  Hf  to  Hg,  which  pro¬ 
perly  should  be  called  lanthanoids,  include  elements  with  the  d-electron  atomic  structure;  the  other  14  characteris¬ 
tic  elements  of  the  fourth  type  from  Ce  to  Lu,  or  the  serite  metals  of  D.  I.  Mendeleev  (rare -earths)  are  indicated 
in  tile  table  by  vertical  hatching.  They  are  distributed  in  the  8th  and  9th  series,  as  by  D,  I.  Mendeleev  [2],  which 
include  the  elements  with  an  f -electron  structure  between  those  elements  of  groups  III  and  IV  which  are  analogs 
of  the  third  type,  i.e.,  between  La  and  Hf, 

Not  only  the  electron  structure,  but  also  the  data  on  the  periodicity  of  the  atomic  nucleus  [10]  argue  in  favor 
of  such  a  development  of  the  periods  of  the  fouttii  type  in  comparison  with  the  periods  of  the  second  and  third  types. 

The  terms  in  the  table  show  the  beginning  of  the  formation  of  the£-,  £-,  and  f-electron  shells  of  the  atom, 
and  coincide  with  the  series  which  begin  the  new  element  types,  which  express  the  general  correspondence  between 
the  electron  structure  of  the  atom  and  the  structure  of  the  system. 

There  is  no  doubt  that  the  structure  established  for  the  sixth  period  occurs  in  the  seventh  period,  since  both 
of  them  belong  to  a  single  type.  Thus  Rn~Ra.  are  afaalogs  of  the  elements  of  the  second  type  and  begin  the  12th 
series,  while  5  additional  elements  which  are  analogs  of  the  second  type  from  Etl  to  Eat  should  be  distributed  in 
the  groups  of  the  I5th  series. 

Actinium  is  an  analog  of  the  elements  of  the  third  type.  The  other  9  elements  of  this  type  from  Ehf  to  Ehg 
should  be  found  to  occupy,  in  their  properties,  the  indicated  positions  in  the  groups  of  the  14th  series,  and  they, 
togethei  with  actinium,  should  properly  be  called  actinoids.  The  series  from  thorium  to  centurium  [Ct,  element 
No.  100]  consist  of  characteristic  elements  of  the  fourth  t)rpe.  These  thorite  [actinide]  metals  are  distributed  in 
the  12th  and  13th  series  and,  evidently,  will  be  completed  by  three  more  synthetic  elements  of  the  same  type: 

Etu.  Eyb  and  Elu. 

The  first  type  represents  a  certain  peculiarity  in  the  system;  of  the  elements  it  includes  only  hydrogen.  The 
neutron,  as  regards  charge  and  mass,  could  also  be  classified  with  the  first  type,  as  well  as  the  positron  and  the 
neutrino.  However,  these  intraatomic  forms  of  matter,  as  well  as  mesons,  the  photon,  the  electron,  etc.,  are  not 
chemical  elements,  since  they  do  not  have  isotopes  and  a  number  of  the  chemical  properties  of  elements. 

It  is.  therefore,  impossible  to  compare  the  neutron  with  the  inert  gas  group,  and,  consequently,  hydrogen  with 
the  elements  of  groups  I  or  VII.  Hydrogen  begins  the  system  of  elements.  This  circumstance  was  underlined  in 
the  structure  of  the  system  by  its  special  position  in  the  first  descending  group  of  the  first  type,  period  and  series. 
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Its  peculiarity  consits  also  in  the  fact  that  it  does  not  have  direct  analogs  in  the  periods  cf  the  subsequent  types, 
while  it  manifests  much  in  common  with  the  most  different  elements,  for  example,  with  the  halogens  and  with  the 
alkali  metals. 

The  table  "Attempt  at  an  Up-to-Date  D.  I.  Mendeleev  System  of  the  Elements”  manifests  the  same  regular¬ 
ity  that  occurs  witiiin  the  periods,  of  the  sequence  of  groups,  i.e.,  the  change  in  the  valency  limit  (limiting  the 
highest  forms  of  the  oxide  and  halogen  compounds)  in  the  transition  from  one  element  to  the  following  proceeds 
successively  by  one  unit. 

In  the  periods  of  the  second  type,  this  change  follows  from  0  to  7.  There  is  no  basis  for  denying  this  sequence 
in  die  periods  of  the  third  and  fourth  types  also. 

Guided  by  this  principle,  in  the  eight  group  we  have  left  only  Fe  and  Ru  —  characteristic  elements  of  the 
third  type  —  and  Os  -  their  analog  in  the  sixth  period  of  the  fourth  type.  After  group  VIII,  a  descending  order  of 
the  sequence  of  changes  in  the  limit  of  valency  by  one  unit  from  Fe  to  Co,  tlien  to  Ni,  Cu  and  Zn,  had  to  be 
allov/ed;  the  same  was  manifested  in  the  6th  and  10th  series  of  the  fifth  and  sixth  periods  for  the  transitions  of  ele¬ 
ments  from  Ru  to  Cd  and  from  Os  to  Hg, 

Mendeleev’s  note  concerning  the  transition  of  the  character  of  the  elements  of  group  VIII  is  reflected  in 
die  structure  of  die  system  by  the  fact  that  their  arrangement  together  with  the  groups  of  copper  and  zinc  proceeds 
in  descending  groups  frorr  8  to  4.  The  latter  are  designated  by  arabic  numerals  in  contrast  to  the  usual  (ascending) 
groups.  The  order  of  these  groups  provides  for  die  sequential  transition  into  the  higher  forms  of  compounds  in  ele¬ 
ments  of  die  various  series,  to  wit:  from  Zn  to  Ga,  from  Cd  to  In  and  from  Hg  to  Tl. 

It  is  impossible  to  express  the  sequential  changes  in  the  valency  limit  between  the  elements  of  the  beginning 
and  end  of  the  larger  periods,  by  any  other  distribution  of  the  transition  elements  in  groups;  this  change  is  fixed 
by  the  forms  of  the  compounds  from  groups  0  to  VII. 

In  this  sense,  die  period  represents  that  part  of  the  over -all  series  of  elements,  by  extending  which  from  one 
element  to  the  following,  manifests  (or  this  must  be  expected)  a  sequential  wave -like  order  of  changes  of  the  limit 
of  highest  valency  by  one  unit.  While  it  must  be  admitted  that  in  the  periods  of  the  second  type,  the  change  in 
die  valency  limit  of  the  elements  has  a  monotonic  course  (one  half-wave),  in  the  periods  cf  the  third  type  it  con¬ 
sists  of  three  half-waves,  and  in  the  pericxls  of  the  fourth  type,  seven  half-waves.  As  is  evident  from  the  table, 
the  change  in  the  form  of  the  hydrogen  compounds  also  has  a  wave -like  form. 

The  arrangement  in  accord  with  this  principle  of  all  the  elements  leads  to  the  exclusion  from  group  I  of  Cu, 
Ag  and  Au,  and  from  group  II  of  Zn,  Cd  and  Hg;  to  the  abolition  of  the  triads  of  group  VIII;  to  the  liquidation  of 
the  "subgroups"  and  to  the  distribution  of  the  tare -earths  in  the  groups  of  the  8th  and  9th  series.  All  this,  as  is 
evident  from  the  table,  is  not  only  occasioned  by  the  aggregate  of  known  properties  [1,  9,  11-13],  but  is  also  in 
accord  with  the  isotopic  composition  of  these  elements,  i.e.,  with  the  distribution  with  respect  to  the  mass  and 
charge  of  die  nucleus. 

There  are  sufficient  data  on  the  correcmess  of  the  distribution  of  the  rare -earths  and  thorite  [actinide]  met¬ 
als  in  groups  IV -VI  [7,  8,  9,  14,  15];  as  regards  the  distribution  of  the  other  groups,  new  experiments  which  will 
provide  more  precise  data  regarding  this  question,  should  be  set  up. 

The  distribution  by  groups  is  partially  masked  by  the  fact  that  in  the  even  pieriods  beginning  each  type,  at 
the  part  of  the  characteristic  elements,  the  higher  forms  rather  regularly  do  not  appear.  Thus,  with  O  and  F  in  the 
second,  from  Fe  to  Zn  in  the  fourth,  from  II  to  Gd  and  from  Ho  to  Lu  in  the  sixth  periods,  only  certain  lower 
forms  of  the  compounds  are  as  yet  known.  In  the  uneven  (doubled)  periods  of  each  type,  the  valency  limits  are 
considerably  more  completely  manifested.  This  phenomenon  also  has  bearing  on  the  difference  in  the  other  ele¬ 
ments  of  die  even  periods  from  those  in  the  uneven  periods  in  each  type.  Actually,  almost  all  the  elements  of  the 
even  periods,  in  contrast  to  the  uneven  periods,  are  more  difficultly  oxidized,  more  difficultly  form  the 
highest  forms  of  the  compounds  with  oxygen  and  halogens,  and  on  the  other.haiiU  more  readily  form  more  stable 
compounds  with  hydrogen.  Attempts  have  even  been  made  to  explain  similar  differences  in  the  elements  of  the 
even  and  uneven  periods  by  a  special  "secondary  periodicity”  [16].  However,  such  explanations  do  not  harmonize 
with  the  Mendeleevian  concept  of  the  periodic  law,  which  does  not  reduce  to  a  simple  repetition  of  the  proper¬ 
ties  of  the  elements.  For  example,  a  comparison  of  the  elements  of  group  III  shows  that  boron  oxide  is  more 

readily  reduced  to  the  simple  element  that  aluminum  oxide.  It  is  well-known,  that  the  greater  energy  of  the  bond 
of  aluminum  with  oxygen  constitutes  the  basis  for  aluminothermy.  On  die  other  hand,  boron  hydrides  are  more 
stable  than  even  the  strongly  polymerized  aluminum  hydrides.  An  analogous,  but  less  pronounced  relationship 
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between  the  properties  of  63203  and  10203  and  also  between  the  properties  of  TI2O3  and  £11203,  is  to  be  expected. 

For  thallium,  as  an  element  of  an  even  period,  die  lower  form  of  the  oxide,  TI2O  is  even  more  characteristic  tiian 
TI2O3. 

The  details  in  the  periodicity  of  properties  of  the  elements  vhich  have  been  registered  occur  throughout  the 
entire  system,  and  are  naturally  masked  by  the  principal  manifestation  in  the  character  of  the  elements,  and  some¬ 
times  their  distribution  in  groups  is  even  hampered  to  the  extent  that,  other  conditions  being  equal,  the  higher  forms 
of  the  compounds  are  not  observed.  Actually,  it  does  not  follow  from  the  fact  that  the  most  characteristic  form 
of  the  oxide  of  thallium  is  TI2O  and  for  lead,  PbO,  and  not  TI2OS  and  Pb02,  that  the  first  should  be  classified  as 
an  alkali  metal  and  the  second  as  an  alkaline  earth  metal. 

All  these  considerations  also  apply  to  the  elements  of  the  descending  groups.  Difficultly  in  distributing  the 
rare-earth  and  thorite  [actinide]  metals  in  the  system  is  still  caused  by  die  established  tradition  of  seeing  only 
similarity  between  the  elements  in  the  groups  and  only  difference  in  .  the  series.  D.  I,  Mendeleev  repeatedly  empha¬ 
sized  [17]  the  necessity  of  studying  the  similarities  and  differences  not  only  in  the  groups,  but  also  in  the  horizontal 
series  of  the  system.  For  the  characteristic  elements  of  the  fourth  type,  this  latter  similarity  even  predominates. 

The  order  of  transcribing  tire  symbols  of  the  elements  and  dieir  number  indicates  that  one  must  differentiate  the 
relationship  of  similarity,  manifested  between  the  characteristic  elements  of  a  given  type  and  their  analogs,  from 
the  manifestations  of  more  distant  similarity  between  characteristic  elements  of  different  types 

Thus,  the  position  of  each  element  among  all  the  others  must  be  considered  not  only  as  regards  membership 
in  a  group,  but,  obligatorily,  also  in  its  series,  period  and  type.  In  the  table  ’’Attempt  at  an  Up-to-Date  D.  I. 
Mendeleev  Periodic  System",  there  are  14  groups  and  15  series,  of  which  the  three  last  series  will  consist  of  syntiie- 
tic,  radioactive  elements.  The  physico-chemical  properties  of  the  approximately  20  elements  which  are  as  yet 
unsynthesized  can  be  rather  exactly  predicted  by  tlieir  position  in  the  groups  and  series  of  the  end  of  the  7th  period 
in  type  4.  The  apportionment  of  the  characteristic  elements  and  their  analogs  among  four  types  ought  to  facilitate 
the  teaching  of  chemistry  and  the  study  of  the  periodic  law,  as  well  as  its  exposition  in  the  literature. 

The  questions  which  arise  in  the  system  in  connection  with  the  introduction  of  the  type,  suggest  the  necess¬ 
ity  of  new  experimental  study  of  the  highest  possible  forms  of  the  compounds  of  many  elements,  a  study  which  has 
already  been  partially  begun  [6,  18]. 
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ERRATA 


In  issues  Nos  1-5  of  the  Journal  of  General  Chemistry  of  the  USSR,  1954,  the  following  typographical 
errors  occurred,  and  were  repeated  in  the  English  translation: 


Page 

Line 

Reads 

Should  read 

22 

Caption  to 

In  all  the  thermograms,  with  the  except- 

In  all  the  thermograms,  with  the  ex¬ 

Fig  1. 

tion  of  the  third,  the  upper  transcription 

ception  of  the  tenth,  the  lower  trans¬ 

is  the  initial  mixture  and  the  lower 

cription  is  the  initial  mixture,  the  up¬ 

transcription  is  for  repeated  heating. 

per  for  repeated  heating,  while  in  the 

while  in  the  third,  the  reverse  is  the 

tenth,  the  reverse  is  the  case . 

case 

35 

Table  2  col. 

1.  heading 

[Bi+2] 

[Bi^’] 

35 

Table  3,  col. 

1,  heading 

K2C4H4O2 

K2C4H4O6 

40 

Table  4,  col. 
1,  heading 

Na2C4H405 

Na2C4H4Qg 

297 

9,  from  top 

diamine 

diimine 

459 

13,  from  top 

Acetaldehyde  has  been  observed  to  form 

The  formation  of  a  compound 

a  compound  (H2C=CHO)2Hg'HgO  [8]  and 

(H2C=CHO)iHg*HgO  [8]  from 

mercuric  chloride  in  aqueous  potassium 

acetaldehyde  and  mercuric  chlor¬ 

solution 

ide  in  aqueous  potash  solution 
was  observed. 

567 

Table  2, 
sample  2 

ng  1.4759;  d^  0.8508 

ni5^  1.4559;  dj**  0.8408 

596 

Text,  line 

28  from  top 

The  course  of  I  andljj| 

The  course  of  ^nd  Ijjj 

657 

Empirical 
formula, 
line  2  from 

bottom 

C1SH15O2N2SCI 

657 

Empirical 

formula, 

3rd  from 

bottom 

C15H14ON2SCI 

C15H15O2N2SCI 

662 

line  6  from 
top 

or  a  short  chain  .... 

or  a  multiple  chain.... 

1095 
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